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This study reports on research conducted in Malawi to evaluate I ) the potential

adoption of improved fallows ofSeshania sesban (L) Merr and Tephrasia vogelii, 2) to

account and quantify carbon sequestered in smallholder agroccosystcms. and 3) to assess

the impact of poor health on agricultural production. Simulations were carried out in a

growing chemically fertilized maize. A seed selling incentive increased discretionary

cash, however, there was no statistically significant difference in improved fallow with or

without the option to sell seed. Total land cultivated increased with a seed selling

incentive (P<0.0001 ). Adoption can happen in both male- and female-headed



land plant more improved fallows, and those with more cash plant less. When the

number ofpeople increases in a household, there is more adoption. Conveisely,

households that require more maize, but have less people contributing labor, adopt less

improved fallows.

In a smallholder farm in Malawi up to 4.6 MgC/ha/yr could be accumulated.

Improved follows result in greater carbon sequestration than annual crops. A carbon

being planted. The impact of poor health on overall food production depends on the

gender of the sick person. The sickness and death of a male head affect the total labor

force available to the farm and hence the food security ofthe household.



CHAPTER I

GENERAL INTRODUCTION

Smallholder agroecosystems arc modified, natural ecological systems in which

subsistence production is a primary objective, particularly in sub-Saharan Africa (SSA)

where food insecurity is a major problem. In SSA and other developing countries,

agriculture is the most important human economic activity and is also a source of

employment. Although human actions affect both the climate and soils and may

adversely alTect food productivity in agroccosystems, these systems are complex

interactions of external and internal social, cultural, economic, biological and

ccologicai/cnvironmcntal processes. Manipulating any part ofthese agroccosystems

affects the processes of nutrient cyclingand energy flows, and scientists who model

limited-resource farms often misunderstand smallholder agroecosystems (Hildebrand.

household reality, agronomists model plant growth but usually of individual crops only,

and anthropologists, who have understood the limited-resource farms, tend to study

isolated cases, using methodologies that are sometimes difficult to quantify (Hildebrand,

To promote and increase the adoption ofany agricultural technology to increase

food production and environmental protection in smallholder agroecosystems, both



family farms. First of all, these farms arc homes rather than businesses, in which

diversity is a necessity (Hildebrand, 2002b). They pursue diverse food procurement

strategies in order first to satisfy home needs, and then sell any surpluses. The differen

they ore able to adopt. For example, the introduction ofa new technology may require

In some parts ofSSA, long duration natural fallows were traditionally used to

overcome soil fertility depletion (Nyc and Greenland, 1964). The present situation in

SSA is that long duration natural fallows arc becoming non-existent due to land prcsst

arable cultivation. This situation has resulted in the depletion ofsoil organic matter

(SOM) and nutrients (Smaling. 1993). leading to a severe decline in soil fertility

(Sanchez ct al„ 1997; Buresh el al„ 1997) and hence low food production levels. Per

capita food production in SSA declined by 1 .0% annually between 1 980 and 1 993 (

W

Bank. 1996).

Labor availability, land, and access to cash arc probably the most constraining

socioeconomic factors in the farming systems of low resource households and hence h

a major impact on overall production. These limited-resource farms arc based on

different household and resource infrastructures and hence respond to different house!

needs and requirements (Hildebrand. 2001 ). Decisions regarding labor allocation.

performance of the whole system. Therefore, improving food production and soil



resources in Ihe smallholder farm sector ofSSA is an enormous challenge (Snapp et al..

1 998) to smallholder farmers, researchers, development workers and extension agents.

The food insecure household might also be vulnerable to illnesses such as

HIV/AIDS infection (Food and Agriculture Organization Joint United Nations

Programme on HIV/AIDS [FAO/UNAIDS], 1999) that could alfcct the available family

household labor for long periods of time and results in food shortages. Thus,

insecurity persist, the range of options for resource-poor farmers to overcome food



is widely constrained by the limited use of chemical fertilizers. Like other SSA countries

trying to modernize agriculture and to provide for the growing food needs ofa rapidly

increasing population, the use ofchemical fertilizers increased in Malawi from the 1%0's

to the early 1990's(Figurc 1.1). However, the use ofchemical fertilizers later declined

sharply alter the complete removal of the fertilizer subsidy and the liberalization ofthe

Malawi stagnated in the I970’s and fluctuated at the onset ofstructural adjustment

program policies in the 1 990’s (Figure 1 .2).

The total land under maize production has increased over time especially in the

late 1980's and late I990's (Figure 1.3) due to population growth, which has resulted in

an expansion of cultivation of marginal lands. While the land under tobacco production

rose steadily until the late 1 990's, it has decreased noticeably since the subsidy removal



(Figure 1.3). 1 2000, the

Figure 1 .3. Land under production for the major crops in Malawi (Source: FAOSTAT,
2002).

organic carbon (SOC) and decreased soil fertility. However, this is reversed when

smallholder farmers adopt agroforcstry practices (International Center for Research in

Agroforestry [ICRAF], 1997) such as improved fallows. An improved fallow is a system

in which short duration trees or herbaceous species arc planted in rotation with cultivated

crops to achieve soil fertility substituting for the replenishment benefits of natural

fallows. Improved fallows have shown the potential to replenish soil fertility and thereby



farmers (ICRAF. 1997; Kwesiga el al., 1999).

In addition to restoring and improving soil fertility, agroforestry systems provide

a significant global opportunity to reduce the accumulation of greenhouse gases (GHG)

in the atmosphere (Unnth ct al., 1993; Jcnkinson and Rayncr, 1977) and provide a

biologically and ecologically sustainable potential offset to greenhouse gas (GHG)

pursue both household food security and environmental objectives, such as the

introduction of agroforesuy technologies, must consider the short- and long-term trade

environmental initiatives will not be successful ifthey ignore the short-term food security

needs of smallholder farmers. Likewise, sustainability will be compromised if long-term

environmental concerns are sacrificed for immediate food needs. Agroforesuy adoption

os a sustainable agricultural system in Malawi depends on its opportunity cost. Low

resource farmers make decisions about adopting new technologies as part of the overall

Statement of the Problem

on as defined by Rogers (1 995) is a decision to make lull useby Rogers (1962). Adoptic



nption is

Most ofthe work in adoption theory resulted from research on adoption of hybrid

com and other agricultural innovations in the USA, os reported by Grilichcs (1957). The

studies in SSA (Osemcobo, 1990; Boahene et al„ 1999; Adesina et al., 2001; Doss and

Morris, 2001). In some ofthese studies the adoption models were applied to

agroforestry, with the assumption that agrofotestry is beneficial in the study areas.

However, adoption ofagroforcstry technologies has generally been low (ICRAF, 1997).

biophysical aspects of agroforcstry technologies with attention given mainly to yield

benefits from researcher-managed agroforcstry plots (Jama et al., 1998; Kwesiga et al.,

1999; Franzel, 1999; Sanchez, 1999; Peterson. 1998. l999;Mwale, 2000;Gladwin et al..

adoption (Ayuk, 1997; Franzel et al., 2001). In most cases, comparisons are made only

on the maize yield benefits from agroforcstry technology and unfertilized or fertilized

plots, which disregard the farmer's overall loss in maize production by planting part of

the farm with trees. The few studies that have included a socioeconomic component

(Franzel, 200 1 ;
Kwesiga et al.. 1 999) have often used ex ante evaluation ofnew

technologies mostly using a cost benefit analysis. Cost-benefit analysis, however, does

n. 2000).



Rcscarehahle Problem

Cuircntly it is not known for certain whether the improved fallow technology is

socially, culturally or economically appropriate for limited resource household livelihood

systems, since the technology requires land to be put out of production for 2-3 years,

places inctcased demand on land, labor, and cash and hence affects short-term food

availability and household cash needs. More importantly, the economic benefits from an

improved follow and whether it can provide additional food and/or income and

compensate for reductions in maize production during the fallow periods are not known.

than has previously been reported. For example, caring tor the trees may coincide with

the agricultural cycle’s peak period when a farmer’s energy expenditure is at its highest.

The problem of food shortages is further exacerbated by the poor health, which reduces

available household labor. Yield impact docs not address the capability of the resource-

poor households to practice the technology. There is a need to evaluate whether the

improved fallow technology can improve the food security needs ofsmallholder farmers,

while at the same time enhancing the agroccological sustainability of the farming

Purpose ofthe Study

This research was undertaken to bridge the gap in knowledge regarding the

economic efficiency of improved fallows and whether their benefits merit adoption. The

technologies and assess the resource factors influencing ineir adoption by different



categories of farmeni, Building on previous agroforestry adoption studies from Zambia

(Kwesiga et al.. 1997; Kwesiga etal., 1999; Peterson, 1999;Gladwin el al.. 1998, 2002).

study focused on improved fallows of two leguminous shrubs native to Africa, scsbania

(Sesbania sesban (L) Mcrr.) and tephrosia ( Tcphrosla vogelii Hook,fi.

To effectively address the researchablc problem, it is hypothesized that:

I . If farmers adopt agroforestry technologies, they will increase their (i) food

availability and (ii) household income.

2- Adoptability ofagroforestry depends on household (HH) composition:

i. Households with greater worker to consumer ratios are more likely to adopt

agroforestry (labor availability).

ii. Female-headed households have greater potential to adopt agroforcstry than

male-headed households.

3. Potential for adoption is higher in households with access to more (i) land, (ii)

4. Payments of an incentive can enhance adoptability of agroforcstry.

agroforcstiy by smallholder farmers were linear programming (LP) modeling and logistic

regression. Mathematical modeling has been used to analyze the relationship between

Norton. 1986; Kaoneka and Solbcrg, 1997; Kuyvenhovcn etal., 1999; Kruscman. 2000).

Upton and Dixon (1994) have recommended linear programming (LP) as a cost-effective

r other constraints (linear inequalities) (Heady and



10

Candler, 1958). LPs are a cost-effective way of underslanding farm household responses

lo policies such as pricing policies, or input use. The LP methodology used in this study

is ethnographic in nature (Kaya ct al.. 2000). Ethnographic linear programming (ELP) is

an adaptation of linear programming that has been developed at the University of Florida

by the Farming and Livelihood Systems Group (FLSG) (Hildebrand, 2001 : Cabrera.

1999; Kaya el. al.. 2000; Litow, 2000, Bastidas, 2001 ; Thangata et al, 2002). ELP

models are both descriptive and analytic and use both quantitative and qualitative data

and hence have an advantage of helping researchers understand the complexity and

diversity of smallholder farming systems. They save on the time and money that arc

commonly needed to run long-term experiments, as is often the case with agroforestry

research. The results from the LP modeling were used as parameter variables for a

SiKm.ficMce_qLt_h;^.iuily

The importance of this study is that it presents a methodology that can be used

analyze the potential adoptability ofagroforcstry technologies in smallholder

agroecosystems, while assessing other global societal contributions ofagroforcstry

technologies, such as the use ofagroforcstry in mitigating global warming. Therefore,

rather than looking at one aspect ofthe improved fallow technology, the present study

applied a whole ecosystem approach to studying agricultural production systems by

incorporating interactions within the agroccosystem (Powers and McSorley. 2000) and

the natural resources required to sustain them. Understanding the ecological and socia



Organization of Ihe Study

The dissertation is arranged as follows: After this introduction (Chapter I ). a

literature review of agroforestry adoption and carbon sequestration in agroecosystems is

presented in chapter 2. The main themes reviewed in this chapter are: biophysical

aspects of agroforcstry technologies, carbon sequestration in ngroforesuy systems,

adoption ofagroforestry and the impact of poor health on adoption.

In chapter 3. a BASE model, the no agroforestry scenario for validation purposes

(this study did not consider livestock as most of the farmers interviewed had none).

Later, all cropping activities are evaluated together with improved fallows in an AGROF

model. In the AGROF model, improved fallows arc introduced in the system in the first

season and a seed selling incentive is tested. The AGROF model is further tested for

male- and female -headed households. Chapter 3 tests three hypotheses; 1 .2 (ii) and 4:

• If farmers adopt agroforcstry technologies, they will increase their (i) food

• Female-headed households have greater potential to adopt agroforcstry than malc-

• Payments of an incentive can enhance adoptability of agroforestry.

To test hypothesis 3. that the potential for adoption is higher in households with

access to more (i) land, (ii) labor, (iii) cash, and (iv) credit, chapter4 introduces the

concept of metamodcling. A metamode! isa model ofa model and (Kruseman, 2000).

The metamodcl reported in this chapter uses the input and output data from ELP models.



The outpul from (he AGROF model in chapter 3 is the

chapter. Since this is a new concept of linking simulation models to econometric models,

a review of literature in this area is covered in this specific chapter.

To further test hypothesis 4, that payments ofan incentive can enhance

adoptability ofagroforestry, a carbon payment option is used to test the impact of an

incentive in agroforestry adoption, and this is reported in chapter 5 under the CARBON

model, an extension ofthe AGROF model. There has been renewed interest in the issue

of growing trees to sequester carbon following the Kyoto Protocol in 1 997. It has been

argued that if payments were made to farmers for carbon stocks in agroforestry systems,

it would provide an inexpensive carbon offset and at the same time reduce poverty and

food insecurity in the developing countries (Carpcnticr et al., 2000; International Institute

for Sustainable Development [USD], 2001; ICRAF, 2002).

particular family member being available to work in the fields. A reduction in available

labor results in a decline in the size of land Urat can be cultivated. The case ofHIVMIDS

is used as an example of poor health that reduces labor from the fanning household to test

hypothesis 2 (i), that the adoptability of agroforestry depends on household (HH)

composition, more specifically that households with greater worker to consumer ratios

arc more likely to adopt agroforestry). This model is called the AIDS model and it is

rcponcd in chapter 6.

The dissertation ends with chapter 7. which presents general conclusions of the

s, study limitations and polic



CHAPTER 2

LITERATURE REVIEW

Introduction

Fertile, healthy soils arc characterized by biological diversity and a perfect

equilibrium among biological, chemical and physical properties. The equilibrium is

mostly disturbed by human activities such as removal of forests, continuous cultivation

without fallowing and non-application of fertilizers. This situation is common in sub-

Saharan Africa (SSA) where high population pressures have led to land shortages and

soil fertility (Sanchez et al.. 1997). The need for increased food production puls pressure

on the soil ecology so that soil fertility is depleted, resulting in low crop yields that

cannot sustain the growing population. Ecologically acceptable technologies such as

improved fallows, an agroforcstry system, are available in SSA and have the potential to

replenish soil fertility and thereby increase crop yields. Additionally, they control soil

erosion and provide firewood to smallholder farmers

13

; (Franzel, 1999),



organic carbon (SOC) concentrations reflect soil and ecosystem processes as well as past

management of both agricultural and non-agricultural soils. Cultivation has caused

reductions in carbon contents of agricultural soils, contributing to increases in

atmospheric CO? concentrations. This can be mitigated by the incorporation of

sustainable management practices such as reduced tillage, decreased bare fallow,

increased residue input, and conversion to perennial vegetation (Paustian ct al„ 1997).

mineralization of soil organic matter (SOM) (Shepherd et al., 2001 ). The use of

agroforestry is known to enhance the accumulation ofSOM, which is essentially SOC,

particles into s aggregates, creatinggood soil tilth and reducing compaction. It enhances

plant nutrient and water retention and provides a substrate for microorganisms

responsible for nutrient cycling through biomass. Nutrient accounting is therefore an

important aspect in agroforestry technologies in estimating nutrient pools and the flows

between the pools. This is because when an element like phosphorus is limiting,

agroforcstry technologies do not flx much nitrogen (N2) but take up nitrogen from the soil

(Jansen, 1999).

(OM) content of a



i SOM.

IS

Rather, they promote plant growth, which in turn results in more residues

being returned to the soil (Gregorich ct a].. 1994). However, SOM alone cannot supply

the quantity and balance of nutrients required by crops under intensive production;

fertilizer must be added to meet the crop's needs. On the other hand, soil needs optimum

amounts orOM to maintain its structure and keep it in a tillable condition. When soil is

cultivated for annual crop production, the nature ofthe plant-soil system is altered.

Harvesting removes much plant material, leaving little to be worked back into the soil to

replenish the OM pool. Plant materials, such as crop residues, animal manure, and green

soil. Preliminary estimates suggest that carbon sequestration rates become positive,

averaging 1.5 Mg C per ha'yr when soil fertility is replenished (Sanchez, 2000),

sesbania (Sesbania sesban (L) Mere.) and tepluosia (Tephrosia vogelii) with maize, are

fertility (Sanchez, 1 995). The seed, leaves and branches of tephrosia are also known to

as high as 1 5% in leaves and 30% in seed (Williamson. 1 975). Seeds of tephrosia are

traditionally used as insecticides/pesticides in vegetable production.

When an undisturbed forest or grassland soil is converted to agriculture, SOM

levels usually decline. This decline results from increased decomposition of existing

SOM because of tillage and changes in moisture, aeration, and temperature conditions,

and also from reduced replenishment ofSOM by crop residues. Most of the loss in SOM

occurs within 10 years of clearing forest or native grassland; the size ofthe loss varies
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according (o the type of soil. Losing soil nitrogen may not be os serious as losing soil

carbon, because agricultural production usually involves adding nitrogen fertilizers.

Adding nitrogen may result in soil-nitrogen levels equal to or greater than those found in

natural, undisturbed soils. Since agroforestry and other tree-based systems improve soils

through maintenance or increase ofSOM (Young. 1997), there has been renewed interest

2012 (Connell. 1999). Artidcs3.3. 3.4, and 3.7 of the Kyoto protocol mention land-use

and sinks that are human induced. More specifically, in Article 3.3. trees and forests are

mentioned for their contribution to carbon sequestration. The rationale behind this is that

both soil and vegetation act as carbon sinks, reducing the amount ofCO2 in the

atmosphere (United Stales Department of Agriculture-Natural Resources Conservation

Service [USDA-NRCS], 2000). The basic argument in favor of planting trees to

sequester carbon is that, ifdone globally, it buys time during which longer-term solutions

can be sought to meet world energy supplies without endangering the climate system. It

adoption of agroforcstry and other agricultural technologies has the potential to mitigate

annual increases ofatmospheric CO2 concentrations.

regarding agroforcstry, the potential for its adoption and its potential in mitigating

greenhouse gas (GHG) emissions. To the extent permitted by the literature, and

Df biophysical 1
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is first presented. It describes the functions and current knowledge ofagroforestry

research especially from tropical African agroccosyslcms. Secondly, a review on

adoption research is presented. Again, emphasis is on Africa and other developing

countries. Apart from mitigating the decline in soil fertility, agroforestry is also

recognized as an important reservoir for carbon (Kort and Tumock. 1999), therefore the

third part of this review deals with the use ofagroforestry to sequester atmospheric

carbon dioxide (CO2). Since most of the research in carbon sequestration is new in

Africa, the review covets research from both the temperate and tropical regions. This

chapter ends with a section that deals with the impact of poor health on African

agriculture, and especially the vulnerability ofrural people in Malawi. The review covers

the issues ofHIV/AIDS as a condition ofpoor health.

ThcEffects of Agroforestry on Soil Properties

Two thirds of the world's degraded lands are found in Asia and Africa. Soil

degradation has affected 75% ofagricultural lands in Central America and 65% in Africa,

compared with 25% in Europe and North America (International Food Policy Research

Institute [IFPRI], 1995). Most of this degradation is taking place on agricultural and

pasture lands, which are major sources of food, incomes and employment for rural people

in many developing countries. In sub-Saharan Africa (SSA), soil fertility depletion in

smallholder farms is now recognized as the primary biophysical cause of declining food

security (Sanchez, 2000). Most of the degradation in Africa is human induced with about

30% ofthe agricultural land, pastures, forests and woodlands degraded (IFPRI. 1 995).

sustainable agriculture production and soil management, especially in the tropics
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(Maghcmbe cl al„ 1996; Nair el al„ 1999). Trees are known lo improve soil fertility and

microclimate by recycling nutrients and supporting the growth ofassociated crops (Rao

ot a!.. 1 998). Although not a panacea for all land-use problems and not applicable nor

beneficial everywhere (Nair. 1998). in some situations agroforestry is used for

conservation of the natural resource base through sustainable land use. Woody species in

agroforestry systems contribute lo a reduction in soil nutrient leaching losses, stimulation

ofsoil faunal activities, soil fertility improvement and sustained levels ofcrop production

(Kang, 1 997). In these agroccosysicms, trees, shrubs and crops act as an improved fallow

when they are growing. They cover the topsoil, thereby reducing erosion and

maintaining good soil quality. The sequential use ofsesbania and tephrosia in

subsequent crops and produce fitelwood (Sanchez, 1995). However, the decomposition

ofthese materials and the release ofnutrients contained in them are detetmined by the C:

N ratio in the material. This is sometimes refereed to as the "quality ofthe organic

material" and is a product of the organic constituents and nutrient content (Swill cl al.,

1979; Cadisch and Oilier 1997). At the same time, when these species are established as

improved fallows, the established trees are a net sink for CO*

Trees affect soil properties through several ways, e.g., by adding soil N through

N2 fixation, and by altering soil morphology and chemical conditions through above- and

below-ground litter inputs (Rhoades, 1 997). Sesbania and tephrosia, fast growing,

leguminous, nitrogen-fixing tree and woody shrub respectively, have demonstrated such

qualities through their abilities to fix atmospheric nitrogen and are both high in N

availability. Sesbania species are reported to improve soil fertility onN deficient soils.



yields ofsubsequent t

yields increased by 50% to 80% and by 150% to 200% for one and two year scsbania

fallows respectively (Kwcsiga and Coe, 1994). Fallows ofCajanus Cajun (pigeon pea).

characteristics (ICRAF, 1997). Upon incorporation of leguminous biomass into the soil

one to three subsequent maize crops, doubling to quadrupling maize yields at the farm

scale. Improved fallows of scsbania. tephrosia. gliricidia (Gliricidiu septum ). Crolalaria

grahamiana. and pigeon pea accumulate 0.1-0.2 1 N/ha in their leaves and roots in 1-2

years (Rao et ai., 1998; Kwesiga et al., 1999). In Malawi, scsbania is reported to yield

500 to 800 kg/ha of leafy biomass (Maghembe el al.. 1996). enough to increase maize

yields &om 2.9 1/ ha (without trees) to 3.6 1/ ha (with trees) in a short rotation.

Agroforestiy systems arc recognized as viable farming systems because of their

biological denitrogen fixing (BNF) ability, and contribution to nutrient cycling.

associated crop is not known (Nair el al.. 1 999).

Global Carbon Cycling

The carbon cycle involves the fixation of atmospheric CO; by plants through

photosynthesis. During photosynthesis, plants are able to manufacture complex organic

materials from simple inorganic elements such as carbon dioxide, water and mineral

nutrients supplied by the atmosphere and the soil. Plants absorb 3.7 units ofCO; during

irbon stored in plant tissue (Shea et al.. 1 998).



portion ofthe photosynthctically active radiation (PAR) [in the 400- to 700-n

band) is received by an ecosystem and is absorbed by green plants (Sala and Austin.
2000)

. Most ofthe CO; plants absorb re-enters the atmosphere through the process of

respiration of plants and animals and through mineralization of soil carbon and return of

carbon to the atmosphere by respiration (Cheng and Molina. 1995; Cheng and Kimble.

2001

)

, Cycles within the ecosystem are so interdependent that disrupting one may

disturb the others drastically. Plant productivity or net primary productivity (NPP) is the

balance between carbon fixation in photosynthesis and carbon loss in respiration. The

NPP represents the major input ofcarbon and energy into ecosystemsand is an

integrative variable ofthe functioning ofthe whole ecosystem because of its relationships

with animal biomass, secondary productivity (rate of accumulation of organic substances

in herbivores), and nutrient cycling (McNaughton et ah. 1989).

|
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Figure 2.1. The global carbon cycle, showing the carbon slocks in reservoirs and carbon

flows/yr (in Ot). Gt 01015 g C). Source; IPCC (2001).



Figure 2. 1 shows annual averages of carbon flows due lo anthropogenic

disturbances from 1989 to 1998 (Schimel ct al„ 1996, cited by IPCC, 2001).

Carbon is stored in the global ecosystems in diverse organic forms with a wide

range ofmean residence times (MRT). The MRT is the average time a carbon atom

carbon. ITicy arc in constant exchange ofCO; with tile atmosphere. Oceans contain

about 50 times as much carbon as the atmosphere. This carbon is predominantly in the

litter or non-woody biomass is short-lived and returns quickly to the atmosphere during

respiration. Other carbon, such as that in woody materials or active soil organic matter

fractions, may persist for decades. The most persistent stock ofcarbon is s soil carbon

(including charcoal) that may have an MRT as high as 1000 years or more because of

chemical inertness or interaction with soil minerals. Soil organic matter (SOM), which

consists of undecomposcd and partially decomposed organic residues and humus, is

recognized as the largest and most important terrestrial carbon pool in the global carbon

Carbon Cycling in an Agroecosystems

act as a net source ofatmospheric CO2 (Post and Kwon, 2000). At the agroecosyslcm

products and the output of carbon mediated by dc

carbon is captured and released as CO2 through the

the global carbon cycle. The recycling of nutrients

sition. In agroforestry systems,

tal carbon cycle as explained in

t through the 1
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way, agricultural crops and agroforestry tree species help counteract climate change by

increasing the carbon storage on agricultural lands. Trees absorb carbon as they grow to

maturity over a long period, but then their ability to absorb more carbon decreases.

agroforestry systems are short duration, especially tropical agroforestry, this makes the

practice a good candidate forCO; sequestration. Most of the tropical agroforcstry

practices used for soil fertility replenishment like alley cropping and improved fallows

are plowed in the soil to decompose. This allows the land to be used indefinitely for

carbon removal, and since biomass energy crops have relatively high growth rates and

higher yields compared with conventional tree cover they make a larger and more rapid

contribution (Hall, 1997). Tropical agroforcstry can benefit from the industrialized world

from cost offsetting ofCO2 emissions.

After slash and bum, agroforcstry systems planted along with food crops have

been reported to sequester 35% of the original carbon stock ofthe forest. Sanchez (2000)

reported that in 20-25 years the lime-averaged carbon stocks in the vegetation and soil

increased by 50 Mg C/ha and 7 Mg C/ha respectively; an additional 57 Mg C/ha, three

times that of croplands or grasslands Therefore, while decreasing the risks of accelerated

GHG effects, sequestering carbon in agricultural soils also improves biomass

productivity and water quality. Furthermore, the resulting agricultural and wood

after the products have served their use. Biomass

oduce energy that serves as a substitute for and as a

I back to the atmosphere. 1
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systems (Schlesingcr, 2000), for example plowing with heavy machinery.

ibute to CO2

agricultural

', through SOC

(Robertson and Paul, 2000).

Above-ground Carbon Sequestration

Forests and agroccosystcms ploy a prominent role in the global carbon cycle

(Dixon et al„ 1993). Therefore, the conservation ofnatural forests and reforestation

programs are important in the global carbon cycle. Forest systems contain an estimnted

66% of the terrestrial above-ground carbon. Altogether, forest ecosystemsand forest

soils are estimated to account for60% of the terrestrial carbon pool (Lai et a!.. 1995).

proportion of the above-ground biomass may be burned, releasing most of its carbon

rapidly into the atmosphere. Some of the wood may be used as wood products; these

carbon stocks could thereby be preserved for a longer time. After felling a tree, CO; is

agricultural crops and agroforestry tree species help counteract climate change by

increasing the carbon storage on agricultural lands, the IPCC (1995) has concluded that
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amounts ofcarbon. Table 2.1.
,
compiled by Watson etal. (2001). shows the amounts of

carbon stocks in different forests of the woi

Table 2. 1 . Global carbon stocks in vegelatiian and fop 1 m i

in Stocks (Gt C)

(I0
6 kmJ

) Vegetation Soil Total

Tropical forests

LL6 212 216 428

Temperate forests 10.4 59 100 159

13.7 88 471 559

22.5 66 264 330

Temperate grasslands 12.5 9 295 304

Deserts and semi deserts 45.5 8 191 199

Tundra 9.5 6 121 127

3.5 15 225 240

Croplands 16 3 128 131

Total 151.2 466 2011 2477

Source: Watson etal., 2001.

Although most carbon enters ecosysitems via leaves,. and its aeeurnu,a,ion is

mostly in the above-ground hi amass, more than half of the

.

assimilated crtrbon is below-

ground. This biomass comprii;cs living and dead roots, inciarporaled falli:n dead leaves

and wood (litter) into the soil. soil mesofauna. and the microbial commui

also known to supply carbon tia the soil threrngh exudates and root death I[turnover).

When deep-rooted trees are reimoved, the st>il-carbon cquilibriuminthec

a lower level over a period of decades (Trutmbore etal., 1995). Thcrefonr. soils contain

the major proportion of the total ecosystem carbon stock in all ecosystems. This role of

soil C storage for the global carbon budget has recently been considered i> topic of equal

importance (van Noonlwijk et al., 1 997). Forest clearing accelerates the decay ofdead
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wood and litter, as well as below-ground organic carbon, am

have approximately 45% of the terrestrial soil C (Smith ct al

conditions determine the rates of decay. In moist tropical regions, most of the remaining

biomass decomposes in less than 10 years. Some carbon or charcoal accretes to the soil

Soil Organic Carbon and Carbon Cycling

The terms soil organic matter (SOM) and soil organic carbon (SOC) arc often

used interchangeably, because carbon, the key component of organic matter (OM), is

readily measured in the laboratory. SOM, like the plants and animals from which it

derives, is composed of carbon chains and rings to which other atoms are attached.

Undccayed plant (OM) contains about 40% carbon; SOM typically contains about 50%

carbon. However, the traditional value used in converting between values ofSOM and

SOC is 58% carbon in the OM. especially in highly stabilized humus (Brady and Weil,

1999). SOM also contains about 40% oxygen, 5% hydrogen, 4% nitrogen, and 1% sulfur

(Gregorich el al.. 1 994). Well-decomposedOM forms humus, a dark brown, porous,

spongy material with a pleasant, earthy smell. There also is a large pool of organic carbon

and consolidated carbon in the form of iron-humus pans or concretions. Many soils also

contain a subpool of inorganic carbon (SIC).

SOM has been characterized in various ways; by origin, transformation stage,

function, solubility, chemical constituents, elemental C: N ratio, exchange capacity,

functional activity level, or dynamics and stability (Smith dal.. 1997). In well-drained,

non-acid soils which occupy most agriculturalI lands there is a balanced and dynamic



composition of chemical compounds with a high degree ofhumificalion. resulting in

medium to low C: N ratios (10:1-12:1). Characterization ofSOM based on C: N ratios

may be a convenient proxy for the composition and stability ofSOM in topsoils.

This is why the greatest amounts ofSOC accumulation occur in cold climates or

soils that arc saturated a large portion of the year (Scow, 1997). Consequently,

decomposition rates are expected to be higher in coarsely textured soils and poorly

structured soils, especially those with few s macro aggregates. SOC sequestration is

in management and then diminishes as rates of carbon

Therefore, the way agricultural fields are managed affects the rates ofcarbon inputs and

outputs, which control steady-slate levels ofSOC within any climatic region and on a

specific soil type. Management that increasesNPP more than it increases decomposition

results in greater SOC. N amendments that increase above-ground production often

increase SOC. Additions ofN up to 80 kg N/ha are reported to a linear increase in SOC

in Australia and reluming of crop residues to the soil resulted in an increase in SOC

(Ladd etal.. 1994).

Role of Soil Organic Matter

Organic matter is an essential component of soil because it holds soil particles

together and stabilizes the soil, thus reducing the risk oferosion. Organic matter stores

and supplies many nutrients needed for the plants, buffers soil pH, aids water infiltration

into the soil, maintains soil in a loose condition, making it easy for hand hoeing, and

retains carbon. The soil carbon that is retained reduces the negative environmental

effects ofglobal wanning. Soil carbon also lowers environmental costs to farmers, their
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communities, and society by keeping soil and any attached pesticides or nutrients out of

streams, lakes, and other bodies of water, where they become pollutants.

Sub-pools ofSoil Organic Matter

The soil organic carbon (SOC) pool is estimated at 1550 Pgand the soil inorganic

carbon (SIC) pool at 950 Pg. The soil C pool is therefore important and is linked to the

atmospheric carbon pool. In deeper sub-soils, where the amount ofhumus is normally

small, the ratios are less reliable (Lai, 1999). The extent to which humic substances are

stabilized against microbial mineralization largely depends on the type of bonding with

clay minerals. When grouping specifically on stability of the total pool ofSOM its

dynamics and residence, or turnover time. SOC pools arc distinguished as inert or

passive, s or slow release, and labile functional subpools (Smith et al., 1 997).

Labile or active SOM largely consists of soil microorganisms and their immediate

products, with a cycling or residence time of I - 10 years. S or slow-rclease SOM consists

of neo-formations of polymeric substances, which can be extremely diverse in

composition, depending on the litter source and other soil-forming conditions. It has a

residence lime of between 10 and 50 years or more. Inert or recalcitrant SOM (also

called passive pools), also diverse in composition, would not be destroyed for up to 500

lnc
.
reas.ingJ.oil Organic Maner

SOM plays a key role in crop production under low external input conditions

prominent in the humid tropics. Carbon inputs to soil are determined by the amount and

distribution of primary production, the life cycle of the vegetation, and exogenous

organic matter additions (c.g., composts, manure). However, optimal levels oforganic
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U.S. Grcal Plains.OM is reported to have decreased by 71% during the 28-year interval

alter sod breaking (Flach et al, 1997).

Quantilication of Above- and Below-ground Carbon



The above-ground biomass comprises all woody stems, branches, and leaves of

living trees, creepers, climbers, and epiphytes, as well as herbaceous undergrowth. In

layer, are included in biomass estimates; in other inventories, these categories arc

considered as a separate dead organic matter pool. In practice, standing timber volumes

There is no definition and subdivision ofSOM that can provide fully quantified

and universally accepted parameters to define SOM quality and quantity that are relevant

purposes a simplification to SOC. which is easily measured through fine-earth samples

and possibly, C: N ratios may be sufficient. Carbon isotope ratio measurements are very



useful for research and modeling work on ihc dynamics ofSOM, especially for the

conversion of forest to grassland and vice versa. These techniques are not yet available

for routine monitoring of the fate ofsoil carbon. Soil inorganic carbon (SIC) is much less

mobile than SOC, except in irrigated agriculture (Schlesinger, 1999). Measurement of

SIC. as well as ofcharcoal, will be required for monitoring and modeling ofsoil carbon

changes, but the intensity of sampling can be much lower than with SOC. SOC

sequestration through conservation tillage depends on continued use. This practice can

increase the SOC stock in the soil profile for 25-50 years or until saturation is reached.

The rate of sequestration for principal soils and ccoregions must be established through

monitoring of carbon dynamics on long-term experiments in different ccoregions. For

example, the rate ofSOC sequestration by conversion from conventional to conservation

tillage in North America has been found to differ among soils, cropping systems, and

ecorcgions and may range from 0.05 to 1 .3 1 C/ha/yr. with a mean of 0.3 1 C/ha/yr.

Cost ofSoil Carbon Sequestration

The value of carbon depends on the on-site and off-site benefits. The on-

site benefits are those related to improvement in soil quality (Lai ct al., 2000). Off-sites

benefits are additional gains ofsoil C sequestration, which arc relevant to the society as a

whole. These include a decrease in water pollution, reduction of erosion, and many

more, Lai ct ai. (2000) argued that soil C is similar to other farm commodities and.

therefore, must be traded as a commodity. 3

ofsoil C. The argument given by Lai et al. (2000) is that the conversion by farmers from

conventional to recommended practices may involve costs or opportunity cost in yield if
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I Peru, Silva (1994) reported local participation and I



uppon of key go

factors to agroforcstry adoption-

women in male headed households in Kenya, unlike their counterparts from female

headed households, did not prune hedges in an alley cropping system because they

claimed pruning was a man's responsibility. This could be a sign of lack of farmer

participation and gender analysis at the initial stages in program implementation. Franzcl

( 1 999) reported higher adoption rates of improved fallows in Zambia when they were

associated with proper and effective diagnosis of farmers' problems, farmer participation

in programs, and when farmers were given encouragement to innovate. This can be

attributed to the farmers' positive attitude about the technology's ability to address their

problems. In another study from eastern Zambia, Peterson (1999) reported men being

more likely adopters of improved fallows than married women but not women in female-

headed households. A recent study by Gladwin et al. (2000) in eastern Zambia found that

female-headed households adopt more improved fallows than men in male-headed

households. In a study from southern Malawi, Uttaro (1998) showed that farmers are

aware of the soil fertility problems but cannot leave part of their small holding fallow.

However, farmers arc able to plant pigeon pea as it is used as food and does not require

much extra labor. Short-term benefits greatly increase the probability ofadoption.

Wealth. Income and Tree Planting

The impact of economic policies and the unavailability of critical inputs have a

great effect on adoption of any technology. Smallholders are resource-poor in terms of

capital, land and labor, and oficn operate at the subsistence level. In most eases, farmers'
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willingness lo undertake tree-planting aclivilies is positively influenced by poverty: well-

off fanners adopt at lower rates than poorer fanners. In most countries, the economic

contnbuuons of agroforestry at the farm level have not been systematically assessed

(Swinkcls and Schcrt, 1991). In Kenya. Swinkcls ct al. (1997) found that, on average,

larger farms. 3 1% of households with farms smaller than the median also periodically

fallow. Out of those who fallow. 84% did so to restore soil fertility, while 51% did so

due to labor shortages.

In Malawi. Chipandc (1987) reported that poorer smallholders, particularly

women, generally lacked sufficient land and labor to adopt burlcy tobacco. In the same

study, it was found that adoption of fertilizer and hybrid maize was constrained by lack of

cash or credit in female households. This meant that, poor smallholders cultivating 0.5

ha or less who constituted 48% of smallholder households (Orr, 1998) did not adopt

burlcy tobacco, fertilizer, and hybrid maize as a technology package designed lo combine

growth and the alleviation of poverty. Gladwin et al. (2001) reported that fanners with

land in natural fallow ate likely improved fallow adopters. In Sudan, for example.

Kcvane ( 1 996) observed wealthier farmers producing higher yields per hectare than

income variable was insignificant in a study from Malawi. Thangata and Alavalapati

(2002) found that poorer formers tried agroforcstry technologies because agroforesuy

• the only r cmical fertiliz i Zambia. Peterson (1999) found



i increased by 37% if farmers produ

mainly cash crops, while Ihe use oforganic manure and fertilizers increased the

probability ofadoption by 26% (Ayuk, 1997). Izac et al. (1997) have suggested

incentive-based instruments to motivate farmers, such as taxing polluters to compensate

farmers undertaking tree-planting activities.

Household Composition and Aue

In Burkina Faso. Ayuk (1997) found that the farmer's age and the number of

the number of people in the household resulted in the probability ofadoption decreasing

by 3%. This was attributed to the fact that farmers with a lot of labor could afford

installing other fencing types. In Eastern Zambia, Gladwin ct al. (2002) found older

Gender and Tree Planting

technologies. In some parts of sub-Saharan Africa, women have no rights to land or

activities regarding the use of trees (especially collecting firewood).A review by David

Women and some men in other parts ofSSA depend upon usufructuary rights to land. In

Nigeria, Igbo men make decisions about tree planting, while women make decisions

about which crops to plant in the hedgerow alleys, weeding and cutting fodder (Francis,

1987). In Rwanda, women have no land ownership rights, and hence are not allowed by

custom to plant trees except fruit and medicinal trees (Hart. 1996), Likewise, in



i (Lastarria-Comhicl. 1997).



i (Rocheleau and
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Edmunds. 1997; Rocheleau. 1999). In Asia, agricultural policies regarding ownership

and operation of land are important in determining access to important productive assets

in agriculture (Islam. 1991).

the same way. MQIler and Schcrr (1990) claimed that agricultural sector policies with

planted will have a positive effect on agroforestry development. Nonetheless.

Simukonda (1992) argued that in northern Malawi, although without legal rights,

customary land rights have benefited farmers. In contrast, in Mali and Niger, lack of

legal control by communities and law enforcement discouraged farmers from adopting

tree-planting practices (Lawry. 1989). In Senegal, land ownership is a significant factor

in agroforcstry adoption (Cavenessand Kurtz. 1993). Place and Hazcll (1993) found that

in Ghana. Kenya and Rwanda, land rights had no effect on the determination to undertake

land improvement practices. In central Uganda, like in Senegal, private owners with land

rights (Place and Otsuka, 1 997). Since there is a great deal ofdiversity on land tenure.
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ilia for example. Race and Curtis (1996) found that despite

the establishment of large numbers ofdemonstration sites and considerable resources

expended on the promotion of farm forestry, adoption rates arc low due to limited

landholder knowledge and skills.

The Impact of Poor Health on Agricultural Productivity in Africa

This section reviews the impact of labor shortages on agricultural production.

When a member ofa household in sick from any disease, available labor is reduced and

hence reduces the household's productiveness. Due to poverty, it is sometimes

impossible to distinguish between the signs ofHIV/AIDS from those of poverty and

malnutrition. The review ofHIV/AIDS is used as a case ofany disease that reduces labor

HIV/AIDS it is the fourth biggest killer in the world (UNAIDS, 2002) and it is

now the leading cause ofdeath in sub-Saharan Africa. Different studies have confirmed

that the African continent is the worst affected by the HIV/AIDS epidemic (Bethel, 1995)

with 70% of the world's HIV positive people (Baylies and Bujra. 2000). This is despite

Africa accounting for only one tenth of the world's population. Of 1 1 million orphans

created by the epidemic. 90 per cent arc in Africa. Some 25.3 million Africans south of

the Sahara are estimated to have HIV infection or AIDS (UNAIDS. 1997). Eighty three

percent of all AIDS deaths are in Africa, where the disease has killed ten times more

The UNAIDS (2001) reported that at the end of 2001 an estimated 40 million

people globally were living with HIV. In many parts ofthe developing world the



vulnerable. About one-third of those currently living with HIV/AIDS are aged 1 5-24. In

15-49 is living with HIV or AIDS (UNAIDS. 1997).

Poor Health isa Threat to Household Food Security

Poor health undermines agricultural systems and affects the nutritional situation

productivity as well as loss of knowledge about indigenous farming methods and loss of

assets. About 7 million agricultural workers since 1985 have died ofAIDS in the 25

most-affected African countries (FAO. 2002a). The increased food demand could also

have risky effects on intra-household food distribution ifsome members of the household

require a higher food intake to meet labor demands (Frankenberger, 1985). This is

especially so with technologies that increases labor demand, such as agroforcstry. For

example, caring for the trees may coincide with the agricultural cycle's peak period when

a farmer's energy expenditure is at its highest. Food shortages before the harvesting

period also coincide with high rainfall and the associated rises in malaria, infection rates

for diarrhea, and other waterborne diseases in rural areas. The problem of food shortages

is further exacerbated by the HIV/AIDS epidemic, which reduces available household

Gender and HIV/AIDS

In Africa, the AIDS epidemic has a gender face. Apart from the bio-physiological

to HIV/AIDS infection, especially in sub-Saharan Africa (UNAIDS. 1997). Women and



able to HIV/AIDS than 1

meaning they are at high risk if their husbands arc infected. Studies have shown that HIV

(UNAIDS. 1 997; Bayiies and Bujra. 2000). The Food and Agriculture Organization

details that the HIV/AIDS has a different impact on each gender according to their role in

the household and community (FAO, 2002a). This is because in rural African

considerable amount of lime taking care ofthe AIDS patients.

Studies have shown that women and infants bear the brunt of the AIDS disease

(International AIDS Economics Network [IAEN], 2002). Studies in the USA have

health problems (Mcllins, et al„ 2000). It is also widely known that stressful experiences

and malnutrition related anemia, and women with pregnancy complications. It is

reported that young children under S years ofage sometimes receive unscreened blood

donated by their mothers when reagents for HIV testing are not available (World Bank

and Malawi Government. 1 998). Such practices increase the children's and the women's

risks ofcontracting HIV/AIDS. In several countries, studies have found that rural

survive because they had no legal rights to their husband's property (FAO. 2002b).



‘ Health and Poverty

Poor health and AIDS is also a consequence ofpoverty (Cohen, 1 998). In

term implications of illness and therefore are less likely to take preventive measures.

Poverty also increases migrant labor, family break-up, landlessness, overcrowding and

homelessness, which are all factors that increase the likelihood of having multiple sexual

partners. Sometimes it is impossible to distinguish between the signs ofHIV/AIDS from

those of poverty and malnutrition.

Hiv/AIDS: A Rural Problem

The impact ofAIDS on farming communities differs from village to village and

made in the last 40 years of agricultural and rural development. This poses enormous

challenges to governments, non-governmental organizations and the international

development issue. However, of the 36.1 million people living with HIV/AIDS. about

95% live in developing countries. And within those countries, AIDS is becoming a

greater threat in rural areas than in cities. Thi3 is because in most countries in Africa,

people have a rural home, and when they get sick in the cities, they go back to the rural

areas. In absolute numbers, more people living with HIV reside in rural areas. The

epidemic is spreading with alarming speed into the remotest villages, cutting food

production and threatening the very life of rural communities.





CHAPTER 3

THE POTENTIAL OF AGROFORESTRY ADOPTION AND SMALLHOLDER
LIVELIHOOD SYSTEMS IN MALAWI

Introduction

This chapter reports on a study ofa region in Kasungu district. Malawi, where

fanners are now testing improved fallows after farmer-to-farmer contact with early

adopters ofimproved fallows in eastern Zambia. In 1997. eighteen (18) Kasungu fanners

on-farm trials of Tephrosia vogelii Hook. f. (tephrosia) and Sesbania sesban (L) Men.

own improved fallow trial plots. This chapter evaluates the potential of their efforts.

Linear programming (LP) is used to assess whether adoption of improved fallows is

and socioeconomic conditions. Specifically, this chapter tests hypotheses; 1 .2 (ii) and 4;

• If farmers adopt agroforestry technologies, they will increase their (i) food

• Female-headed households have greater potential to adopt agroforestry than male-

headed households.

• Payments ofan incentive can enhance adoptability ofagroforestry.

45



The next section of the chapter gives an outline of the study methodology. A

section that establishes the model framework followed by a section of the modeling

approach follows this section. The results are presented and the chapter ends with

nutrient-poor tropical soils, especially in sub-Saharan Africa. High population pressure

has led to land shortages and continuous arable cultivation without fallowing, leading to

high nutrient losses in Malawi where agriculture is the mainstay of the economy. About

85% of the population in Malawi is rural and is dependent on agriculture. The decline in

soil fertility has led to reduced soil productivity and hence more food insecure

households. Apart from the decline in soil fertility, institutional constraints such as

structural adjustment programs required by the World Bank and other donors have also

had an impact on food security in Malawi and other developing countries.

The problem of soil fertility has been exacerbated by institutional constraints such

as structural adjustment programs required by the World Bank and other donors. The

impact of these on food security in Malawi and other developing countries has been a

reduction in the use of chemical fertilizers that were commonly used by farmers to

replenish soil fertility. Fertilizer prices have risen sharply in Malawi since the removal of

fertilizer subsidies from 1986 to 1995 (Gladwin, 1991 ; Zeller et al.. 1998). Farmersare

able to purchase very little fertilizer, ifany at all. Most affected arc women, who account

for over 70% ofthe food production group (Quisumbing ct al.. 1995) and who grow most



Recently, researchers in southern Africa have reported on the use of improved

fallows as a means to return nutrients to the soil in a short period of time as is done with

natural Tallows (Sanchez. 1995; Kwcsiga and Boniest. 1998). Short duration rotation of

managed fullows of sesbania and tephrosia have the biological potential to replenish soil

fertility and thereby increase crop yields ofsubsequent crops. Consequently, these

fallows are being promoted at many sues throughout the tropics (Franzcl, 1999; Sanchez

1 999). However, experiences show that in some cases agroforcstry adoption has

generally been low (International Center for Research in Agroforestry |ICRAFJ. 1997).

Agroforestry research to date has predominantly focused on the biophysical aspects, with

attention given mainly to yield benefits from researcher-managed agroforcstry plots. In

most cases, comparisons are made only on the maize yield benefits from agroforcstry

technology and unfertilized or fertilized plots, which disregard the farmer's overall loss

in maize production by planting part of the farm with trees. Only recently has some

ct.al„ 1999; Franzel. 1999; Franzcl ct al.. 2001; Gladwin ctal., 2001; Gladwin et al..

2002).

To promote and increase the adoption of improved fallows as a sustainable

method to increase food production and environmental protection, both researchers and

development workers should understand the nature olTimitcd-resourcc family farms. In

order to increase acceptability and promote wider adoption of improved (allows by

resource-poor farmers, it is important to identify and analyze factors that affect its





headed households arc more likely lo adopt improved follows than arc male headed

households, holding constant other factors such as household size, previous experience

with natural fallows, age and club membership of the household head (Mwalc.

2000;Gladwin et al„ 2002). It remains to be seen, however, whether or not this will also

be the case in other, more populated regions of sub-Saharan Africa, such as Malawi.

Background to Improved fallows in Malawi

In the 1997/98 season, ICRAF started collaborating with Kasungu Agricultural

Development Division. The improved fallow technology in Malawi was introduced in

1997 after the International Center for Research in Agroforestry (ICRAF) facilitated an

exchange program between the farmers from Kasungu with early adopters of improved

fallows in Eastern Zambia.

agents from Kasungu crossed the border into Eastern Zambia (Moyo, 1999), where

given hands-on training on the planting and management of improved fallows of

scsbania, tephrosia. and gliricidia tree species. Reportedly, they relumed to Malawi

determined to plant their own improved fallow trial plots (ICRAF. 2002). By 1999, 497

farmers had planted improved fallows of sesbania and tephrosia totaling 23 ha (Moyo,

1999).
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The research was conducted in Kasungu ( 1
3° 1

' 60S, 33° 28' 60E), central Malawi

(Figure 3.1). Kasungu Agricultural Development Division (KADD) covers four

administrative districts: Kasungu, Dowa. Ntchisi and Mchinji. Kasungu district is within

Kasungu Rural Development Project (RDP), with a total area of about 550,400 ha, which

includes a large state sector. 1CRAF introduced the improved fallow technology in

Kasungu because of the fact that many farmers have relatively larger land holding sizes.

(International Fund for Agricultural Development {IFAD. 2002); Freeman et al„ 2002).

Table 3.2 shows that in Kasungu ADD. in the 1992/93 season, only 34% of

gardens were less than 1 hectare, while almost 43% ofgardens were between 1 and 1 .99

availability is considered adequate when compared to southern and[NSSA], 1993). Land!
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other parts ofcentral Malawi. The farmers that are targeted are those with sufficient

land, so that they can leave some in fallow without affecting their food production.

Table 3.2. Lands

Agric Dev. Div.

All Malawi

Karonga

Kasungu

Lilongwe

Machinga

Blantyrc

Shire Valley

Source: National

Total Est. Gardens

(plots) (number)

2738607

132493

238820

305598

153812

487285

610613

646718

163268

I Sample Survey of Agric

: Development Division

Holding size by Ca
2.00 ha & over

8.1

2.8

16.8

2Z7
7.8

8.2

t.t>

13.7
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with a mean annual temperature of 19-22.5°C (Figure 3.2). The rainfall pattern is

unimodal with the wet season running from November/ December to March/April with

erratic rains, ranging fiom 700 to 1000mm per year, and a prolonged dry season (Figure

3.2). There are no showers or drizzles during the cold months ofJune and July (Minae

and Msuku. 1988). Detailed information on climatic characteristics is presented in Figure

3.2.

The main land use system for Kasungu is maize cropping with tobacco as the

as a coping strategy or to pay for agricultural loans in bad years. The study was

conducted in two extension-planning areas (EPAs): Chulu (1 3° 40' 60S, 33“ 40' 0E),

lying at 121 1 m above sea level and Kasungu-Chipala (13° O' OS. 33° 28' 60E). lying at





Economic Activities

Mosl of Ihc people in ihc rural areas ofKasungu are farmers. About 52%

of the women in the area are involved in farming activities (Table 3.3).



Tabic 3.3. People aged 10

'

Kasungu District.

154.452

95.566

95.156

84.505

7,621

1,294

1.694

42

410

127

50

233

58,886

Crop Production

The major crops grown by all fanners in the area are maize (Zea mays L), tobacco

Kasungu Rural Development Project (RDP), maize production occupies 70% of the

cultivated area, followed by groundnuts (12%) and tobacco (3%). Minor crops include

(Phaseolus vulgaris) and/or bambara nuts ( Vigna subtcrranca) are planted as intercrops.

nds, mostly during the dty st



Minac and Msuku (1988) reported that tobacco nursery preparatio

Tobacco and maize fields arc prepared first and made ready for planting when rains

come. Peak periods are September to December. Planting depends on the start of the

rains, amount and distribution (mostly October/ November). Tobacco is given the first

priority together with maize, followed by groundnuts. In most cases, cassava and sweet

potatoes are planted during land preparation. Weeding time is the critical labor

February and continues until April-May. The family is the main source of labor,

tobacco. There is a very limited use ofox-plows, but the majority of farmers use hand

tools. The farmers in this study consider hiring equipment too expensive.

Data Col cc ion

Data collection occurred between September and December 1 999 and again

between June and August 2001. Primary data collected in 1999 involved household

surveys, participatory rural appraisals (PRA)/sondco (Hildebrand. 1981) and informal

interviews to produce data for linear programming models (Appendix A). First, meetings

were held with extension workers. Group meetings followed with fanners from the two

interviews were conducted with ten ( 1 0) randomly sampled households, from the 1

8

farmers (nine women and nine men) who first went to Zambia for five days to leant about

improved fallows from their fellow farmers. In line with Fanning Systems Research-
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Extension (FSRE) philosophy, different kinds ofhouseholds were selected so that they

could eventually serve as representations of different recommendation domains

(Hildebrand and Russell, 1996).

Linear programming (LP) models were developed for each ofthe ten households

models needed improvements. Discussions were held with farmers to see whether the

models' preliminary output results adequately depicted what they produce and how they

how well the models selected from the households interviewed in 1999 represent the

community by comparing results from different household compositions, labor

availability, and food requirements. Altogether 40 households were modeled, and one

was eliminated due to insufficient data. For consistency, the researcher conducted all the

Secondaty agronomic data such as yields from the first year after fallows were

obtained with the help of Malawi Agroforeslry Extension Project (MAFE).

spending from a combination of enterprises after satisfying consumption and othc

necessary cash requirements. Maize is produced cither as fertilized or as non-fert

maize, or following two-year old improved fallows of sesbania or tephrosia. Sine

fallows can be planted every year, maize can come from the follow plots every ye
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Model Development and Spccificaiion

Form household modeling is a powerful tool to aid policy makers for it permits

the analysis ofdecisions at the level of the land users and can be used to assess the

potential impact of technological change and the implementation of policy measures on

land use and household welfare (Kruseman, 2000). Mathematical modeling has been

used to analyze the relationship between ecological and socioeconomic parameters in

farming systems (Dykstra, 1984: Upton and Dixon. 1994; Ragsdale, 1997). Linear

programming (LP) is a cost-effective way ofunderstanding farm household responses to

pricing policies and input use, and is useful for solving problems that deal with the

allocation of limited resources among various activities to achieve a particular objective.

The LP models used in this study are ethnographic in nature (Kaya et. al., 2000).

Ethnographic linear programming (ELP) simulates the formers' strategics by

choosing between different alternative livelihood activities available to farmers in the

region and representing different degrees ofcrop intensity, labor, and land saving

techniques available. It takes into account their respective costs, constraints, and

advantages, as they report them. It is an adaptation of linear programming that has been

developed at the University of Florida by Hildebrand (2002c) and the Farming and

Livelihood Systems Group (FLSG) at the University of Florida (Cabrera. 1999; Kayaet.

al.. 2000; Litow. 2000. Bastidas, 2001 ; Mudhara, 2002;Thangata et al. 2002).

Ethnographic linear programming is a means ofquantifying ethnographic data, mostly

qualitative, and is thus both descriptive and analytic. The ELP models have an advantage

of helping researchers understand the complexity and diversity of smallholder farming

systems. Ethnographic linear programming is very effective in evaluating various policy

instruments, and assists in uncovering farm household decision-making regarding land



I (profit or end y

planning and allocation. This is because it takes into accou

observed by Kuyvenhoven et al. (1999): (i) available rcsou

I (iii) the market conditions (prices.



Systems. 1999) for



not modeled in this study because, unlike Ihc Zimbabwe study, fanners in Kasungu are

testing tree species and no fanners were observed planting one-year green manures.

Resource Constraints

As established above in this chapter, farm holdings in Kasungu arc slightly higher

than the national average. In this study, the first set of ten farmers tend to have larger

landhoioings than the second group of30 farmers (Figures 3.4 and 3.S).

Figure 3.4. Land holding size available and cultivated (ha) for the first 10 farmers

interviewed (Key: 1-10. Farm households: F=Female headed household; M=Malc
headed household).

were picked to go to Zambia during the initiation of improved fallows technology in



ilh the technology and othc

The first group could have been targeted by ICRAF because they have larger land

hnology requites putting part of the land out of production for two years when the land

planted to improved fallows.

Female-headed households (represented by F in Figures 3.4 and 3.5) are slightly

nderrepresented in this sample of 40 farmers. Only 20% of the households in the

pic are female headed, which compares to 25-35% throughout Malawi. Surprisingly.

e-headed households (MHH). This is due to the fact that in the initial sample often

I FHHs (6F. 9F. 7F and I F). Halfof





Labor Activities

Households, especially female-headed households, hire labor from outside the

region and pay the workers a lump sum payment at the end ofthe season after tobacco

sales. Each adult male or female provides 25 labor days in a month. The model

separates labor inputs by gender and by month. Labor supply in any calendar month is

the total amount of labor available from the contribution ofall household members and

hired labor. Because women are responsible for childcare, the number of infants (under 5

years old) reduces the female labor contribution to production in a household. Therefore,

labor from a female is reduced from the 25 labor days available in a month to 22 days due

to these activities. Some cropping activities ate mainly done cither by men or women.

Males, for example, are responsible for most of the tobacco activities while groundnut

production and mai/e transportation are mostly a woman'sjob. For school-going

adolescents, food consumption and labor contributed vary according to whether they stay

at home or school during term time. The children in the household age. and hence

contribute more labor and require mote food over the years. However, no new births

were considered in the models. Details for the constraints and activities are presented in





funding from Malawi Agroforestry Extension Project (MAFE), the Kasungu ADD

(KADD) Land Resource Team initiated an on-rarm experiment to let farmers compare

and chemical fertilizers for the on-farm trials. Each farmer had four treatments: sesbania

maize (SSMZE). tephrosia maize (TVMZE), fertilizer maize (FERTMZE) and a control

(NFERTMZE). Most ofthe farmets ended up applying their own chemical fertilizer in

the control plots; therefore this was not included in the analysis.

The yields reported Table 3.4 arc relatively higher than those reported by Benson

( 1 997). The higher yields from lire improved fallows could be due to the bet that most of

the yields are expected to be higher than maize yields from improved fallows planted on

land with poor soil previously planted to continuous maize. The higher yields from the

Therefore, it is possible that the maize crop following tobacco benefited from some

remaining fertilizers and decomposition from tobacco roots, and hence more SOM.

Therefore, there was no specific information regarding maize yields in the second and

third seasons following improved fallows. Several data from Eastern Zambia (Kwesiga

ct al., 19%) showed that maize yields following sesbania improved fallows dropped

anywhere from 20%-6l%. In this study, the yields for the maize following sesbania

improved fallows were reduced by 24% and 17% in the second year and third year
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and third year respectively. The justification for this is that, with scsbania improved

fallows, it is only the leaves and small branches that are incorporated in the soil and the

bigger wood is used for firewood or construction. Therefore, scsbania decomposes faster

than tephrosia in the first year because most of the woody part of tephrosia is

incorporated in the soil. However, in the second year sesbania roots decompose more

slowly than tephrosia. which has smaller roots compared to scsbania. Therefore,

tephrosia decomposes faster than scsbania in the second year.

Labor allocation and croppina activities

Tobacco is sown in nurseries and transplanted from October to December or early

January. Tobacco can be dry planted in December as long as farmers are sure of rainfall

within 2 weeks. Weeding is vciy labor demanding and is done from December to

February or when weeds appear for all crops. Towards the end of February farmers who

planted early can start harvesting tobacco. The harvesting of tobacco is labor demanding

and any additional labor has to be hired. During maize harvesting, additional labor

demands can be met by communal labor. By the end of March, tobacco curing starts

to reduce disease/pcst infestation.

Modeling Approach and Scenarios

The model isa ten-year, dynamic linear programming model. The matrix of

technical coefficients is identical for all households. It is the resource endowments that

change with each new household solved in the model. After running the BASE model,

two scenarios, with and without seed selling activities, are tested in the AGROF model.



Model Initiation and lhtd-QfrHonmMw.18

In dynamic modeling, the first season must be started with an arbitrary amount of

beginning cash available. Therefore the first year is not representative. Starting fiom

amount can also alTcct the second year. By the third year, this effect disappears.

Therefore, the first two years arc not reported in this study.

i in the future (Grinold, 1983:





I (Shapiro and Wilk. 1 965). The fifth

;

used in Ihe model Tor all the 40 hous

using the Shapiro and Wilk's IT-test

selected because it is the middle years that are assumed to be where adoption has taken

place. The result of the normality test yields a small p-value (p<0.000l ). therefore, it is

plausible to reject the null hypothesis (Table 3.6). It is concluded that the two data sets

arc not normally distributed.

Data Mean StdDcv Upper 95% Lower 95% -Shapiro-WOkVVT

Simulated 2.2190 0.9384 2.5191 1.9188 0.880409 <.0001

Observed 2.2895 0.9679 2.5990 1.9799 0.886070 <.0001

Based on a study by Yang ct al. (2000) on validation of model data, the observed
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The diagonal collapsing of the ellipsoid shows a fairly close linear relationship bctwci

the observed and the simulated land. From the scatlerplot in Figure 3.6, the values art

arranged in a diagonal line, showing that the two data sets could be from one populati

(Sail and Lehman, 1996). The orthogonal regression shows that the mean values are

close to each other and the two data samples arc highly correlated (R=0.94). The

scatlerplot and regression alone can be deceiving and therefore a /-test was performed

the transformed data to confirm the result of the regression analysis.

Tabic 3.7 Orthogonal Regression (log transformed)

Variable Mean StdDev

Simulated 0.7168 0.408

Observed 0.7719 0.443

Two Sample I for Means



73

Validation results from Tabic 3.8 show that the differences are normally

simulated results. The r- statistic is not significant therefore we cannot reject the

hypothesis that the two samples are from the same population.

BASE Model: No Aaroforcslrv Situation

Table 3.9. Simulated crop production (ha) activities, amounts sold and end year cash

(USS) without agroforcstty (BASE model), average of40 farms.

agroforestry. The mean of the 40 models is reported in each ease. In this ease, more land

is planted to fertilized maize, and by groundnuts then tobacco. On average, the total land



used per farm is less than a hectare in all years. However, some households used more

than a hectare (Appendix C). Since most ofthe maize is for consumption, it is the

tobacco and groundnuts that arc sold. A loan is taken in each year. Consumption

requirements are met.

Annual Crops (ha)

Fertilized Maize

Improved fallow maize

Tobacco

Cassava

Sweet potato

Improvedfallows (ha)

NEW Sesbania

NEW Tephrosia

Total New Fallow

Total Old Follow

Total improved fallow

Total land

103 104 102 103 104

23 23 23 23



undnut is produced with I
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selling improved fallow seeds, surplus maize, groundnuls. cassava and swecl potatoes are

also marketed. These selling activities result in more discretionary cash at the end of

each season than in scenario I of the AGROF model. The marketing ofmore crops and

products also results in no loan being taken. Some fertilized maize is produced and

Tabic 3.1 1.Simulated crop production (ha) activities, amounts sold and end

'

(USS) with seed selling option, average of40 farms.

Annual Crops (ha)

Improved follow ma

Groundnut

Improvedfallows (ha)

NEWScsbania

Sweet potato

Tephrosia seed

316

91

0

107

955

318 356 372 375

992 1078 1071 1129



Table 3.12.7-tests for simulated improved fallow land and total cultivated land for the

with seed selling (With) and without seed selling (No) scenarios.

Total land cultivated

Mean 2.18 1.34 2.14 1.37 222 1.41 2.24 1.42 2.20 1.44 2.25

Variance 0.85 0.30 0.81 0.29 0.88 0.29 0.97 0.31 0.92 0.33 1.01 i

Obs. 40 40 40 40 40 40 40 40 40 40 40

P(T<=t) I -tail

l Critical I -tail

P(T<=0 2-tail

I Critical 2-tail

Table 3.12 shows that there was no statistically significant difference between the

land planted to improved fallows with and without a seed selling incentive. Only the

total land cultivated with and without a seed selling option shows a statistically

significant difference. This is due to the fact that when the households get some money

from the seed selling activities, they invest in profitable crops such as tobacco.
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Table 3.13. Simulated crop production (ha) activities, amounts sold and end year cash

(USS) for sample a MHH without seed selling

Activities

Annual Crops (ha)

Fertilized Maize

Improved Fallow Maize

Tobacco

Groundnut

Improvedfallows (ha)

New Sesbania

New Tcphrosia

Total New Fallow

Total Old Fallow

Total Improved Fallow

Total land

Selling (kK)

Cash (USS)

Discretionary Cash

0.02 0.02 0.03

Results show the FHH (Table 3.14) adopts similar amounts of improved fallows

as the MHH; every year, she plants at least quarter ofa hectare of sesbania fallow in five

of the six years of the time period, along with 0.1 ha of tcphrosia fallow. This result is in

line with those reported by Gladwin et al. (2002) from eastern Zambia that FHHs adopt

improved fallow technologies; and is not surprising, given the larger farm size of the

small sample ofFHHs in this study. Indeed, it is only surprising because to date FHHs in

eastern Zambia have planted only very small plots of improved fallows and arc struggling

to plant plotsofone-fourth a hectare.



Table 3.14. Simulated crop production (ha) activities, amounts sold and end year cash

(USS) for sample a FHH without a seed selling activity.

Activities

Annual Crops (ha)

improved Fallow Maize

Tobacco

Groundnut

Sweet potato

improvedfallows (ha)

New Sesbania

New Tcphrosia

Total New Fallow

Total Old Fallow

Total Improved Fallow

Total land

Selling (kg)

Tobacco

Cash (USS)

0.00 0.00 0.00 0.00 0.00 0.00

0.39 0.41 0.34 0.36 0.36 0.39

0.06 0.19 0.07 0.08 0.08 0.09

0.09 0.09 0.09 0.09 0.09 0.09

0.03 0.03 0.03 0.03 0.03 0.03

0.03 0.03 0.03 0.03 0.03 0.03

0.24 0.26 0.26 0.29 0.33 0.28

0.10 0.10 0.10 0.10 0.10 0.11

0.34 0.34 0.36 0.39 0.43 0.39

0.41 0.34 036 0.36 0.39 0.43

0.7S 0.68 0.72 0.7S 0.82 0.82

1.35 1.45 1.33 1.34 1.41 1.42

44.3 133.7 51.2 55.4 59.3 64.8

20.4 42.5 21.2 22.5 23.5 26.5

Discretionary Cash 0 0 0 0 0 0

Like the MHH, the FI1H plants similar amounts of tobacco and groundnuts.

However, since tobacco requires male as well as female labor, the FHH hires male labor.

The hired labor has to be fed daily, as well os paid at the end ofthe season. Therefore,

hired labor results in the need to plant more maize. The need for cash for home use

dictates that the FHH grows tobacco, which requires a loan, and the hired labor increases

the maize consumption requirements.

A comparison ofTablcs 3.13 and 3.14 show both households plant tobacco,

surplus maize to sell, households need to grow tobacco and take tobacco loans with an



interest rale of55%. Allhough Ihe MHH may employ labor. Ihc model opls not to.

AGROF model- Scenario 4: Simulation wilh Seed Selling Activity

Improvedfallows (ha)

New Tcphrosia

Total New Fallow

Total Old Fallow

Total Improved Fallow

Total land

Selling (kg)

Tobacco

Groundnut

Sesbania seed

Cash (USl)

219

Discretionary Cash

68 50 94 83 75 92

510 412 245 303 256 220





production as in scenario 3. Due to the sales of scsbania and tephrosia seeds as well as

sales oftobacco, the FHH has more end year cash than the MHH. This is probably due.

however, to the larger land size ofFHHs in this sample.

Table 3.16. Simulated crop production (ha) and selling activities, amounts sold and end

year cash (USS) for a sample FHH with a seed selling activity.

Sweet potato

Improvedfallows (ha)

New Sesbania

New Tephrosia

Total New Fallow

Total Old Fallow

Total Improved Fallow

Selling (kg)

Tobacco

Tephrosia seed

Cos* (USS)

Discretionary Cash

173

750

550

168

1304 751 370 289
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With a seed selling incentive, the FHH generates enough cash from selling

sesbania and tephrosia seeds, and therefore no longer takes a tobacco loan. As a result.

Table 3.15 shows that land allocated to tobacco is high in the third and fourth year.

Unlike the MHH, the FHH grows less fertilized maize, but also grows other crops like

groundnut, cassava and sweet potatoes following the MHH trend. The FHH maintains a

production of almost 0.3 ha of groundnut. The household transfers cash to be used in the

This chapter looked at a 1 0-year model to assess the adoptability of improved

agroforestry technologies tends to be stable in the farming systems from the third year of

introducing the technology. One can therefore conclude that the potential ofadopting

I by ICRAF ’

, used as an example ofat

tc in agroforestry. The in<
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technology (c.g., 1CRAF or other NGOs). With the seed-selling activity available,

however, adopters of improved fallows expand the size of their improved fallow plots, ns

well as the amount of maize they produce. They may then produce a surplus of maize

and increase the size of land planted to the cash crop, tobacco. Success may come at a

price, however, as they can then afford to buy some fertilizer, and will in that case plant

some fertilized maize and eventually decrease theamount of land planted to improved

follows.

With hired labor. FHHs are able to plant more land to improved fallows, in year

three, than MHHs. Thissame result, however, may not hold in other regions of Africa

where FHHs have less land than MHHs. and less access to labor. Land holdings in

Kasungu are relatively larger than in southern Malawi and some of the other districts in

central Malawi and. therefore, these findings might not be general izable to areas where

land holdings arc small. Another point to consider is the source of cash in a farming

system. In Kasungu. tobacco is the only cash crop and if there were other cash crops

requiring less labor, these results would likely be dilTcrent. With this is in mind, the

linding of this study concurs with Gladwin ct al. (2001 ) who suggest that researchers

should disaggregate households by household composition as well as by gender, and

target new technologies at subgroups of rural women. This is because small-scale

fanners arc not all alike, and will not respond equally to a technological intervention.

This also applies to agroforestry innovations. Apart from land constraints, in order to

evaluate the adoptability ofagroforcstry technologies, it is necessary to determine the

availability of labor in the household, which is an important factor in the degree of
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adoptability of improved fallows. The results of this study therefore specifically deal

with Kasungu and not the whole of Malawi.

It can also concluded be from these results that farmers plant tobacco as a way of

getting inorganic fertilizers for their maize. They raise enough tobacco to be able to

repay the loan and to pay for hired labor. A high price from sales of tree seeds might

encourage farmers to plant more improved fallows. Those households with enough labor

and land are likely adopters. As observed in this study, when seed selling was

introduced, the FHH stopped taking a tobacco loan, but still raised tobacco.

The analysis from this study shows that in Kasungu. FHHs without adolescent

male children employ male labor for the tobacco growing activities, most of which arc

done by males. In FHH where there arc male adolescents, the male children take the role

ofa male head in these households, and provide labor for work demanded by crops like

tobacco. This allows FHHs to spend their time planting improved fallows rather than

tobacco during the rainy season, in addition to other women's tasks such as fetching

water, collecting firewood, cooking and childrearing. It appears that in Malawi, adoption

ofimproved fallows can happen in both MHHs and FHHs. as long as land and labor are

available.

In conclusion, results presented in this chapter show that in the BASE and the

AGROF models, without seed sell scenarios (Table 3.9 and Table 3.10), the households'

food requirements were met. With improved fallows (Table 3.10), no fertilized maize

was planted and the amount of land planted to maize increased. However, the increase in

the post-fallow maize did not mean the households produced more maize. The reason for

the increase in post-fallow maize is that maize yields from fertilized maize are higher





CHAPTER 4
METAMODELING OF FACTORS DETERMINING ADOPTION AND FARMERS’

DECISIONS WHETHER TO ADOPT IMPROVED FALLOWS.

recently been used to understand household behavior and in the assessment of policy

et al.. 1996). especially in cases where sensitivity analyses arc not performed, because

Sargent. 1997).

metamodels from simulation output results are commonly used in farm planning. These

nodel ofa model (Kleijnen. 1998) t used to perfo





Mali and the concepts by Klcijn I Sargent (1997) and Kleijnen (1998). Themain

LP model reported in chapter 3 (AGROF MODEL). The OLS regression metamodelling

i. To statistically verify and post validate the ELP results ftom chapter 3 and

This chapter tests the hypothesis that potential for adoption is higher in

is arranged as follows: following this section, an illustration of the steps in the

melamodcling as applied to this study is presented followed by the model spccifrcation.

This is followed by the results and discussion. The final section is the conclusions.

Metamodcllina as Applied to this Study

The steps leading to the melamodcling are presented in Figure 4, 1 , The data

collection (step I ) and the BASE model (step 2) are those already discussed in chapter 3.

from the AGROF model are treated as any other variables for statistical sampling

purposes. In this case the two scenarios in the AGROF model, seed selling activity and

without seed selling activity (step 3). arc treated as a field experiment with two

treatments: one. a group of farmers planting improved fallows where the seeds were

bought and two, a group of farmers who planted improved fallows (in the AGROF sub-

model) but without a market to sell the seed (step 4a). Step 4b is the sub model of the

AGROF model comparing male- and female-headed households in chapter 3. The two





Model Specification and Dcscrintic

The sludy uses dale from the fifth yearofIhe AGROF model because the general

observation has been that there is adoption stability from the third to the eighth year in

the models reported in chapter 3. It is in the fifth year that farmers appreciate the benefits

after realizing some benefits from maize planted in the first, second and third years

following improved fallows, could be taken as a proxy for adoption.

Studies of adoption have used binary choice models, because the dependent

variable is dichotomous (Maddala 1983). Models such as tobit. logit and probil have

been used in agroforestiy adoption studies (Alavalapati et al., 1995; Ayuk, 1997; Adcsina

et al., 2001 ; Thangata and Alavalapati, 2002). These models have arbitrary cut off point

for the dependent variables. However, in this study, the total land in improved fallows is

well when the response variable is continuous, OLS regression is used to investigate a

statistical relationship between adoption on the socioeconomic and other explanatory

variables. The OLS estimation has the formula;

y,=fi.*ft,Z,+', MA...J1 (I)

where ftu and ft, are parameters to be estimated. The e,’s are the errors of the

prediction, and are assumed to be independent, with constant variance and normally

The equation used to estimate the parameters is:

£(T) = ft. * ft,MUBR + fl,FLABR +0INCENTIVE + ft.NHH * ftJTLAND+ ft6MZEC

ft,WAN * ft.CSHTR + e,



prevailing knowledge of factors influencing adoption generally, and on the basis of those

likely to be particularly pronounced in the study area. The dependent and the explanatory

y, “dependent variable, the total land in hectares planted to improved fallows.

X,=MUBR, male labor in a household.

X^FUBR. female labor in a household.

Xi-INCENTIVF., a seed selling activity as an incentive. 1, ifseeds were sold and

X,=NHH, number of people in the household.

X^HLAND, total land cultivated.

Xb=MZECONS, total household maize requirements.

Xt=LOAN. amount of input loan taken (USS).

XtrCSHTR, amount of cash transferred (savings) for next season.

Both male, (MLABR). and female (FLABR) labor were hypothesized to be

{INCENTIVE). The variables number of people in the household (NHH). total land

cultivated (TTLAND). and total household maize requirements (MZECONS) arc

(CSHTR), are expected to be negatively correlated to adoption. The assumption is that a

larger loan at a 55% interest rate may mean a reduced likelihood of planting more

improved fallows because farmers are expected to plant tobacco if they lake a loan.
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In contrast, if fanners keep some cash to purchase their own inputs, they ate more

like to purchase chemical fertilizers for tobacco growing which is a more profitable crop.

The Empirical model

In the empirical model the aim is to isolate the factors that determine the adoption

of improved fallows estimated with ordinary least squares (OLS).

Empirical Resultsand Discussion

Table 4.2 Summary statistics of variables used in the OLS regression mclamodc!

Male headed Female headed

Sample households households

~(n=80) (n=64) (n-16)

—

TTUF 0.8 0.3 0.3 1.8 0.7 0.3 0.3 1.8 0.8 0.5 0.4 1.8

MUHR 68 34 25 175 68 29 25 150 68 49 25 175

FUBR 50 25 8 116 48 25 8 116 57 22 25 87

TTLUND 1.8 0.9 0.6 4.9 1.8 0.8 0.6 4.7 2.0 1.2 0.8 4.9

INCENTIVE 0.5 0.5 0.0 1.0 0.5 0.5 0.0 1.0 0.5 0.5 0.0 1.0

NHH 6.1 2.9 2.0 14.0 6.2 2.8 2.0 14.0 6.0 3.1 3.0 1 1.0

MZECONS 1294 541 563 2875 1285 493 563 2875 1328 721 688 2688

LORN 12 14 0 48 12 15 0 48 10 12 0 29

CSHTRF 64 72 0 270 62 69 0 244 70 87 0 270

4.2 shows that FFIH had on average about 0.8 ha planted to fallows while male headed

households (MHH) had on average 0.7 ha. The FHHs used more land (
TTUND

•)
than

the MHHs. on average 2.0 ha and 1 .8 ha respectively. The MHHs need more loan lor



(CSHTRF) than male

number of male labor days (MLABR) available per month (68 days). The number of

female labor days (FLABR) was less in both cases, with 48 days for the MHHs and 57 for

(MHH and FHH) in the number of household members (NHH).

a concern since none of the variables were strongly correlated.

Table 4.3 Co

MLABRFLABR TTLLANDINCENTIVENHH MZECONSLOANCSHTRF
MLABR 1.000

FLABR 0.437 1.000

7TLLAND -0.032 -0.121 1.000

INCENTIVE 0.357 0.178 -0.1%

NHH 0.046 -0.283 -0.111

MZECONS -0.581 -0.313 -0.275

LOAN 0.064 -0.006 -0.173

CSHTRF -0.316 -0.119 -0.533

1.000

0.167 1.000

-0.068 -0.532 1.000

0.443 0.058 -0.046 1.000

-0.411 -0.069 0.212 0.332 1.000

Ordinary least Squares (Q1.S) Regression Metamodel

The OLS regression metamode! was estimated with the procedure in Shazam 8

(Slrazam. 1997; White. 1997) and is presented in Table 4.4. The R:
is statistically

labor (MLABR) and female available labor (FLABR) arc positive but insignificant This

could be due to the fact that both households have the same amount of male labor. The

regression coefficient of total land used (TTLAND) is positive, as expected, and

L((p<0.000). The INCENTIVE, the

;



if people in a household (NHH) is
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MZECONS, is negative and significant (p=OI6). The variables LOAN, the amount of

season (CSTRF), are both negative. LOAN is insignificant, while CSTRF is significant t

the 1% level.

Table 4.4 OLS estimation results of the regression metamodel of the factors determining

the adoption of improved fallows.

Adj. R: = 0.8746

The positive sign on both the male labor (MLABR) and female available labor

(FLABR), though not significant, implies that adoption of improved fellows responds to

cultivated (TTLAND). It shows that a unit increase (ha) in cultivated land would

positively influence the land planted to improved fallows by 0.6%. The INCENTIVE

variable, the seed selling option, has a negative sign and is significant. This may appear

surprising at first but a critical analysis of this variable makes sense Thissu



results from chapter 3 in Table 3.11. showing no statistically significant difference

between the land planted to improved fallows with or without a seed selling incentive. It

would appear that as the households get more cash from the incentives, they diversify

into other profitable crops and reduce the land in improved fallows. As observed from

chapter 3. once a seed selling activity was included in the model, farmers stopped getting

transferred to more profitable crops. Once that is satisfied, no more improved fallows arc

The variables NHHand MZECONShk rel

the number of people in the household.NHH the

expected to increase. However, when more maize

MZECONS. there is a decrease in improved fallov

household. NHH. imply that there is enough labor

constraint. Noi

more food fort

labor is mostly paid at the end of the t(

requires more food and cash at the enc

tobacco to gel enough cash to pay for i

Therefore the need for more maize dm

plant more improved fallows. Moret people in the ha



family labor that do

improved fallows.

The variables LOAN(Ok amount of inpuls loans) and CSTRF (Ihc amount ofcash

showing lhal households dial lake more loan plant less improved fallows. This is because

households lhal lake more loan will be required lo pay back Ihc loan with a 55% interest.

The only way they can do that is by planting more tobacco, the only cash crop. The

Therefore might not want to plant improved fellows. The variables LOAN and CSTRF

account for 18% and 60% of the explanatory power, respectively in the model.

This chapter introduced the use of metamodeling as a post model validation tool

of the linear programming model. The regression mclamodcl presented in this chapter

was used to check the results from the AOROF model (Chapter 3). From these results,

metamodel support the AGROF model results. The policy implication of these results is

that the government and ICRAF should aim at targeting farmers with enough land and

labor. Other farmers with less land and labor might also adopt, but at their own pace

The results have shown that adoption of improved fallows is influenced by the

household's total land cultivated (TTLAND). There is enough evidence supporting the



Although not significant, the variables available male labor (S4LABR) and female labor

{FLABR) were positive showing that improved fallow adoption is also influenced by the

amount of labor available in the households. There is no difference whether females or

males provide the labor. There is some evidence supporting the hypothesis that potential

for adoption is higher in households with access to more labor.

The variable CSTRF (the amount ofcash transferred for use in the following

season) has shown that households that keep money to be used in the following season

are less likely to plant more improved fallows because they have money to purchase

chemical fertilizers. The evidence docs not support the hypothesis that potential for

adoption is higher in households with access to cash. The evidence also docs not support

the hypothesis that potential for adoption is higher in households with access to more

credit {LOAN). This is because households with greater access to credit tend to grow

more tobacco and plant less improved fallows.

The results from this chapter have shown enough evidence in support and

therefore accept the hypothesis that potential 'or adoption is higher in households with

access to more land. This shows that adoption of improved fallows is influenced by the

household's total land cultivated. There is also some evidence to support the hypothesis

that improved fallow adoption is also influenced by the amount of labor available in the

households. This hypothesis is accepted cautiously as the labor variables, male labor

{MLABR) and female labor (FLABR) were not significant but both were positive.

On the other hand, the evidence from the results docs not support the hypothesis

that households with more cash {CSTRF) adopt more improved fallows. The hypothesis



is therefore rejected. There is no evidence in support of or against the hypothesis that

households with access to more credit {LOAN) adopt more improved fallows.

This approach to modeling presented in this chapter is new in most agroforcslty

studies and the sample size used in this mclomodcl was small. There is need for future

studies to refine this methodology. One way is by having a larger sample. In studies like

the one reported here, where LP models have been used for simulation purposes, the

objective of the regression mctamodcl should be to accurately reproduce the LP

simulation results and statistically provide useful insights into farm-level responses for

extrapolation for both catchment and landscape level application.



CHAPTER 5

THE POTENTIAL OF AGROFORESTRY TO SEQUESTER CARBON IN
SMALLHOLDER AGROECOSYSTEMS.

The increase in greenhouse gases (GHG) in the almosphcre and their contribution

dioxide (CO;) is the most important GHG and accounts for about halfof the greenhouse

industrial times to 370 ppm in 1993. due mainly to human activities (Intergovernmental

Panel on Climate Change [IPCC], 1 995). Global average surface temperatures are

reported to have increased by 0.6±0.2“C over the 20“ century (IPCC. 2001 ).

As a result of the increased concentrations ofgreenhouse gases, the IPCC

climatic change (IPCC, 1995). Natural forests, forest plantations, agroforestry and some

carbon as biomass (Bcnitcs et al„ 1 999; David and Crane, 2002). Plants in general,

which are almost 75% water, obtain carbon, oxygen and hydrogen from carbon dioxide

during photosynthesis, and these elements become carbon and water if plant dry matter is

102
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oxidized (Brady and Weil, 1 999). In addition to the vegetation, soils also act as a sink,

reducing the amount ofCOi in the atmosphere (USDA NRCS, 2000), and thus both

vegetation and soils provide benefit to the global climate (Kort and Tumock. 1999). The

management of soil carbon (C) is an important option in reducing CO? concentration in

the atmosphere (Post and Kwon, 2000). Atmospheric CO2, vegetation and soil arc

intricately linked so that a toss of soil C increases atmospheric CO?, while a gain in

vegetation and soil C withdraws CO2 from the atmosphere (Ellen et oh, 2001 ). Therefore

the two fundamental approaches to sequestering carbon are: (
I ) protecting ecosystems

that store carbon so that sequestration can be maintained by increasing the residence time

and (2) by manipulating the ecosystem to increase carbon sequestration beyond the

current conditions.

Sequestration of carbon in above ground biomass is by nature a temporary

phenomenon. More carbon sequestration takes place in the belowground biomass of the

rooting systems. Increasing the organic matter (OM) content of soils is actively

advocated in order to enhance soil fertility and increase productivity (Bcnites ct al.,

1999). Therefore, continued accumulation ofcarbon in response to new management or

land use depends on continued application of ihe new practice: a reversal can lead to

partial or complete loss of previous gains (Dick el nl„ 1998; Stockftsch et al.. 1 999).

When straw is removed at harvest and followed by intensive cultivation, there is a loss of

SOC and available nutrients (Lai el al.. 1 999). Grasslands and forest soils tend to lose

from 20-50% ofthe original SOC content in the zone ofcultivation within the first 40 to

50 years of cultivation (Houghton. 1995). Changes in SOC thereafter become a function

of soil management and erosion (Rasmussen and Collins, 1991). In agroccosystems, the







hanism (CDM) of the Kyoto Protocol
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change with different management. Traders will want to know the expected result before

a system or practice is implemented (Cheng and Kimble, 2001 ). Although the final

stages are being put into place for carbon trading (IPCC, 200 1 ; USD, 200
1 ), methods for

characterizing carbon stocks and flows in smallholder farms are not well established and

documented (Woomer ct al.. 2001). Policy makers and would-be traders are faced with

the problem of insufficient methods regarding carbon quantification and measurements

(Cheng and Kimble, 2001). In the absence of real site measurements at specific,

designated landscapes, these measurements can only be determined by modeling.

This chapter further tests the hypothesis that payments ofan incentive can

enhance adoptability of agroforestry. This is accomplished by quantifying the amount of

carbon that could be sequestered in agroforestry systems under smallholder management.

First the carbon is characterized, account for. and quantify the carbon stocks in small

farms, and later examine scenarios that would be effective in enhancing agroforestry

adoption. This is accomplished by using ethnographic linear programming (ELP) models

to test different scenarios under smallholder farm management within different farm

enterprises. The ELP follows the argument suggested by Ponce-Hemandez (1999).

whereby food security needs, carbon sequestration and cropping decisions are all

explored to benefit the farmer first, and hence are treated as a set ofgood and objective

of agroforestry adoptio i
sequest
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The model detailed in this chapter is referred to as

extension of the AGROF model (Chapter 3). The next section provides some background

information on carbon sequestration in relation to the Kyoto Protocol. The methodology

and data collection procedures are discussed in the subsequent section. This is followed

by the model description and scenarios tested. The results are then presented, and the

chapter ends with conclusionsand discussion.

Carbon Sequestration and the Kyoto Protocol

In 1 992, 1 76 countries met in Rio dc Janeiro and approximately 1 50 nations

Climate Change (UNFCC), which encouraged a reduction in GHG emissions but

provided no binding commitments. The 1 995 Conference of Parties (COP- 1

)

therefore the Berlin Mandate outlined terms that led to the Kyoto Protocol at a meeting in

Japan in December 1997. At the Kyoto meeting, further commitments in the form of

targets for reducing GHG emissions were agreed upon, including a reduction of

emissions to 5% below the 1990 levels by 2012. In December 1997. 159 countries

signed the Kyoto Protocol and by January 1998, 171 counties had ratified it. Under the

Development Mechanism (CDM) is of interest to developing nations. Article 2 ofthe

Kyoto Protocol calls on Annex I Parties, developed nations, to promote sustainable

development in the reduction ofGHG emissions, including the implementation of

policies and measures undertaken in land use. land-use change, and forestry (LULUCF).

tide 12 explicitly identifte ainablc







Model Structure, Description and Approach

from woody and herbaceous biomass, liner, roots, tilled soil layer and subsoil. Carbon

(i.e. leaves, branches, crop residues, etc.), (2) root inputs (i.e. root death, root exudation)

transport (Amundson and Baisdcn, 2000). Most losses ofcarbon from soils arc via ( 1

1

with downward percolating water, and (3) erosion, through floods or irrigation.

Respiration can be through microbial activity, plowing, residue removal or burning. All

these activities can cause the loss of sequestered carbon. Fractions of labile soil organic

carbon and sequestered soil C arc related (Khanna cl al.. 2001 ). This relationship

involvesa number of factors depending on the tree species, site productivity, site factors

determining nutrient supply, nutrient uptake, litter decomposition, andI SOM
|
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The simplest conceptual and quantitative models ofSOM distinguish between soil

organic inputs, 50-90% of which decompose within the firel year, and stabilized SOM,

with annual decay rates of 1-5% (Nyc and Greenland, 1964: Young, 1989), Recent

models subdivide different soil pools into different functional pools, based on their

residence time within the soil. A diversity of biological, chemical and physical

mechanisms is now known to selectively protect different pools ofSOM from

decomposition by soil microorganisms. However, the size of the protected pools

associated with each of them remains difficult to quantify (van Noordwijk et al„ 1997).

The amount of plant residues returned to the soil and the increase in the amount ofCO;

respired from the soil to the atmosphere are responsible for the decrease in the amount of

carbon storage in fields (Ellert et al., 2001 ). For modeling purposes, it is important to

consider the amount ofnew carbon sequestration and its residence time (turnover rate).

Although it is difficult to monitor soil carbon, it is important to understand the

processes in accounting for carbon in soils such as sources of removals from and

additions to the systems. Most carbon in agricultural systems is in the soil and has

residence times ofyears to centuries. Therefore carbon residence time for each crop has

to be considered separately in each season. The effect ofa new management or land use

on atmospheric CO; cannot be judged solely on the basis of net carbon storage within the

ecosystem. In many managed ecosystems, such as agricultural systems, there is

significant removal ofcarbon in the harvested product. Some of this harvested carbon

may accumulate in long-term repositories (c.g.. wood products), and some is quickly

returned to the atmosphere via respiration (e.g„ agricultural products). The total organic

carbon storage in an ecosystem is the sum ofaboveground and soil organic C (Ellert et



). While specific pools volume the SOC dynQl.. 2001)

interest to the policy makers and carbon-credit traders (Cheng and Kimble, 200 1 ),

Model Development and Specification

Smallholder farms consist of different form enterprises, interconnected through

organic resource flows and are dynamic in response to new markets and technologies.

Although methods for characterizing carbon stocks and flows in smallholder farms ate

stocks are insufficiently documented, each of these enterprises has its own standing

All the cropping activities are the same as in the AGROF model presented in

chapter 3. The only additional inputs in this model arc the standing biomass from which

the carbon calculations arc based, in most aspects the structure of the model, especially

Agroforeslry-Carbon (SCUAF-C) model reported by Young ct al. (1987). Like the

SCUAF-C model, this CARBON model operates on an annual basis and has two parts.

primary productivity (NPP) of plant biomass where COj enters the agroecosystem

through the plant section, via photosynthesis. During the year and at harvest, some parts

cassava cuttings and sweet potato vines ore not plowed into the soil. This is because

rs decay slowly du



: used as seed I i plow in



: plots arc planted I size. The litter.
|



The variability in plant production times and space is crucial in this study. The

aboveground biomass from the annual crops (maize, tobacco, ground nuts, cassava and

sweet potatoes), is considered on an annual basis. The above ground biomass of all the

biomass is accounted for from all crops. The agroforestry species, scsbania and

tephrosia. arc planted for two seasons and then cut. and the leaves and small branches are

incorporated into the soil at the end of the second year. They arc considered to have the

of the soil organic C. Since there is an option for the model to plant agroforesuy species

every year, there is a possibility of having improved fallows every year on the farm

depending on resource availability. The depiction ofcarbon considered is through

mineralization. Other soil C inputs include residue returned including roots and above

ground biomass. Due to incomplete data availability for the above and below ground

biomass for the crops in the model, several methods were employed to generate reliable

Tabic 5.1 shows the data used and their sources. Where necessary, data were

from 1 5-50 tons per hectare of sweet potato (Patterson. 1979). Therefore, if90-95% of

plant is water (Mengel and Kirkby. 1 987). then the remainder is dty matter, and a 0.5



I
in the sin ;>f the individ

Residues at harvest (kg DM/ha)

LinerfiUI

Fertilized Maize 1716*

Sesbania Maize 235

1

1

Tcphrosia Maize 2953"

Sesbania-yr I I360
1

Sesbania-yr 2 4000|

Tephrosia-yr 1 1 1 56
2 4

Tephrosia-yr 2 2936
s

Tobacco 1500*

Ground nut 4000

Cassava 3375

Wood Prunings" Roots

5693“ - 1852*

3761* - 1528*

305

8

6
- 1503'

10001
1

500
1

2100
1

1 5001
1

500
2

2900
1

560” 629' 938'

5000' 560’ 1500
s

1
0000' - 6200'

7125’

Sweet potato 3750
s 7275*

'Leaves& twigs; Sources: ‘Kwesiga and Beniest, 1998-1993 season;
2DAR,1995:

s
Ewel,ctal., 1982 cited in Nair, 1993-fine roots; 'Calculated by author; 'Calculated by

author following Patterson. 1979.; ‘DAR.I992.

To calculate aerial biomass (residue) for cassava. Smil ( 1 984) recommends

multiplying the production or yield figures by 0,2 while Boardman ( 1 980) recommends a

in this model. For groundnut, the carryover is largely stems, since most of the leaf litter

drops to the ground as the plant matures and degrades almost completely by the time the

generally used os planting material. Only the leaves that fall during the growing period

and fine roots are incorporated into the soil. In Table 5.1. maize is considered to have a

different biomass depending on how it was produced, cither fertilized, non-fertilized or



Tumock, 1999). Different studies have reported the root biomass for deciduous trees as

40% of the aboveground biomass (Freedman and Keith. 1995), 30% for coniferous trees

(Keyes and Grier. 1981: Van Lear and Kapeluck. 1994). 50% for shrubs, and 40% for

most agroforcstry systems (Young etal., 1987). Kort and Tumock (1999) found the

carbon content in a shcllcrbclt study in Canada to vary from 48% to 50.1%. Although

based on limited data presented in the literature, it seems that root biomass of30-50% of

aboveground biomass is the standard range.

In this study, where directly measured data lor below ground biomass were not

annual crops (Brady and Weil. 1999) and 40% for the agroforcstry tree species (Young ct

al„ 1987). For improved fallows, the main stems of the tree species arc sun-dried and

taken home for firewood and hence are not included as contributing to SOC from the

above ground biomass. Generally, there is a rapid decomposition in the first year of

incorporation. In the first year after residue incorporation. 55-75% of the carbon of most

crop residues and plant debris returned to the soil is released as COi (Huang and Bollag,

ground vegetation respires 67% of the carbon as CO; in the first year of soil

incorporation. The SOM decomposes at a rate of2-5% per year (Jcnkinson and Rayncr,

1977). Details of other conversion coefficients used in the model at each carbon pool per

: 5-2. Table 5.3 pres
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Modeling Carbon-Credit Scenarios for Carbon Sequestration

AH 40 models used in the AGROF model were tested in the CARBON model.

Three scenarios were simulated. These scenarios are:

1 . Baseline scenario, this is the BASE model reported in chapter 3, but with C
sequestration from annual crops accounted for.

2. Mitigation Scenario 1 : Agroforcstry without a seed selling option, where
agroforestry is planted but the seed from the improved fallows are not sold.

is planted and the seed from the improved fallows are sold.

scenario reported in Chapter 3). In all the scenarios (baseline, mitigation scenario 1 and

2). two carbon credit inccntivcsof US$6.00 and US$12.00 are tested. Due to the

to pay more than US$12.00 to smallholder farmers. The carbon credit is paid for the total
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present interest rate of55% on farm inputs loan. To test whether the interest rates are

affecting the model scenarios when there is a carbon credit, the models were also run

using a 30% interest rate. However, with cither the 55% or 30% interest rate, results did

not differ. Therefore, in both cases, only the results with a 55% interest rate are reported

Model Validation and Results

The simulated total land used for all scenarios ofcarbon-credit was the same as

reported in chapter 3 in the seed-selling scenario. In the CARBON model, it is only the

chapter 3 also applies to this chapter. Due to model effects, as reported in chapter 3, only

the middle six years (3-8) arc reported.

Baseline scenario: Base model without Agroforcslrv

Table 5.4 summarizes the results for the BASE model, without agroforestry. This

model is considered the baseline scenario. In this baseline case carbon sequestered from

the annual crops was accounted for at a zero carbon credit. When carbon is accounted for

without accounting for the carbon (reported in chapter 3). Fertilized maize is produced

and tobacco remains almost the same as in the base model. However, the lond planted to

groundnut is reduced substantially. The model predicts that a loan is taken every year

and there is no discretionary cash as was the case in the BASE model, but food



_l i 5 6 7 8

0.29 0.29 0J0 0.32 0.32 0.33

0.17 0.18 0.17 0.20 0.18 0.18
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17 15 0 18 18 17
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3.5 3.5 3.5 3.6 3.5 3.5

11.5 11.6 11.3 13.0 12.1 12.2

4-0 4-0 3.9 4,1 4.0 4.0



dit ($6.00 and $ I 2.00). Each level gave I

5.5. Overall. Ihcre is more above ground C sequestration as expected. The annual crops

103 Mg per year, ofwhich 12% is from soil C.

Aaroforestrv Mitigation Scenarios

Mitigation Scenario I : Carbon Model wilh Agroforeslrv bul no Seed Selling Activity

option to sell seed from improved fallows. Like in the baseline scenario. C sequestered

was first accounted for at a zero carbon-credit. Later, carbon-credits of $6.00 and $12.00

per Mg C paid to the farmers as an incentive were tested. The results arc shown in Table

5.6. The addition ofagroforestty in the model increased the total land cultivated (Table

previously planted to improved fallows, although there is no surplus for sale. Compared

land remains the same. Almost the same amount of tobacco is sold os in the baseline

model, resulting in no end year discretionary income at the end ofthe season. There is a

reduction in the amount of loan taken compared to the baseline scenario due to the fact

that no fertilized maize is planted. At cither $6.00 or $1 2.00 carbon credit, the cash from
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Table 5.6, Simulated crop production (ha) activities and cash activities for the carbon

model without agroforestiy, but with carbon credit.

Activities

Annual Crops (ha)

Fertilized Maize

Improved fallow Maize

Tobacco

Groundnut

Cassava

Sweet potato

Improvedfallows (ha)

New Scsbania

New Tephrosia

Total New Fallow

Total Old Fallow

Total Improved Fallow

Total land

Selling (kg)

Tobacco

Groundnut

Cash (USi)

Cash Transfer

Discretionary End Cash

22 23 23 37 23 23

12 10 0 12 12 II

model for mitigation scenario I , for both above-and below ground C as well as annual

total C accumulated on farms. The table shows that improved fallows increased the

amount ofC sequestered on farms. Annual vegetation C flows, the above ground carbon.

from both annual crops and improved fallows is 239 Mg C that translates to 4.2 Mg C/ha



Mg C/ha 3.1 3.1 3.1 3.2 3.1 3.1

S S S S S ^

Total (N“40) 227.5 233.5 233.0 247.5 246.9 248.9

Mg C/ha 4.2 4.2 4.2 4.3 4.3 4.3



MiliRalion Scaiario 2 : Carbon I '.and with Sort SgllinR

Mg C/ha respectively.
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Table 5.8. Simulated crop production (ha) activities and carbon accumulated with

aRroforestry tested at $6.00 and S12.00 carbon credit.

Cash (USS)

Cash Transfer

Discretionary End Cash (US$6)

Discretionary End Cash (US$12)

124 137

1154 1221

1237 1313

t profitable



S '£ '£ %^
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necessarily result in more carbon sequestered. The figure shows an increase in the

amount ofC sequestered when agroforcstry was introduced without a seed selling option

would accumulate up to 4.3 Mg C/ha in the 8* year, which increases to 4.6 Mg C /ha

This chapter used the indirect method to account for the carbon sequestered in

smallholder agroccosystcm when agroforestry is adopted. The method used is on

adaptation from the SCUAF-C model (Young cl al.. 1987). Following the model by
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sell option, there is an increase in annual crop production, which increases the overall C

sequestered. However, despite the increase in annual crops due to the increased cash

agroforestry option. The increase in the discretionary cash shows that farmers arc

benefiting from improved fallows without a major change in their crop combinations.

Nevertheless, the agroforestry option has more soil C, which is important in the C

sequestration. Once in the soil, the SOC can be stored for longer periods oftime,

whereas the vegetation C is temporal. Agricultural soils usually have less soil organic

matter and therefore less SOC than natural ecosystems. Therefore, for soil fertility

purposes, the primaiy focus in the smallholder agroccosystcms should be to preserve

existing SOC stocks and not lose them to the atmosphere.

option even with the carbon credit incentive. The analysis has shown that the increase in

the carbon credit incentive does not necessarily lead to an increase in improved fallows.

However, farmers plant more tobacco, maize from improved fellows, cassava and sweet

potato. Some fertilized maize, which was essentially not planted in scenario 1. without

seed sell, is planted. The farmers are acting rationally, putting their labor where they can

get more benefits while at the same time satisfying other home goals. Of the two

improved fellow species, sesbania is more attractive because the maize yields following it

are higher than those from lephrosia. and also because it produces more biomass, which

leads to more carbon accumulation than tephrosia.

The findings ofthis study support other studies. In a study from the East African

Highlands, Woomer ct al. (2001) reported that about 66 Mg C/ha can be sequestered from



a scries of smallholder farm improvements. The results from this study are lower than

those reported from the East African Highlands and Sumatra probably because the

factors from the field. The conversion factors used in this modeling are those used by

Young et al. (1 987) and Nyc and Greenland ( 1964). Another reason could be due to

Sumatra, van Noordwijk et al. (1997) report that changes in soil C of upland soils

resulting from land conversions will normally be less than 20 Mg C/ha.

A study from an agroforcstty carbon sequestration experiment in India supports

the results ofthis modeling. In India. Maikhuri et al. (2000) found the aboveground

biomass accumulation in mixed plantation at an abandoned agricultural land site in India

to be 3.9 t/ha/yr and total carbon sequestered was 3.1 t/ha/yr. These findings ate in

2.2 t/ha/yr is higher than reported in this study. Young (1999) reported of estimated

C/ha/yr.

There is the potential for farmers to benefit from the Clean Development

Mechanism (CDM) markets. Improved fallows are planted every year, therefore after

on-going process. Therefore, any CDM project should be community based, working

this can lead to greater carbon sequestration.
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providing more discretionary cash. Conversely, in chapter 3, it was reported that when t

fallow land ond allowed households to diversify their production, selling a wide variety

of products and providing for positive discretionary cash. It is therefore concluded that

both incentives, seed selling and carbon credit, provide mote discretionary cash.

fallows. Fundamentally, the type of incentive is important in the enhancement of

adoption. Taken as a whole chapter 3 showed enough evidence supporting the hypothesis

increase improved fallow land. Therefore, the acceptance ofthis hypothesis needs

qualifying, because the increase in the adoption of improved fallows depends on the type

rtf the in



CHAPTER 6

THE IMPACT OF POOR HEALTH ON AGROFORESTRY ADOPTION AND
HOUSEHOLD FOOD SECURITY IN CEN TRAL MALAWI

In most countries in sub-Saharan Africa (SSA). the smallholder agriculture sector

depends on family manual labor. The impact of poor health on crop production is that it

reduces available household labor for long periods of time and results in food shortages

in rural households. As conditions for food insecurity persist, the range of options for

household available labor has a major impact on the overall production of the farm

(Villarreal. 2001 ). Consequently, vulnerability to diseases is vulnerability to food

factors in the smallholder systems.

exacerbated by the HIV/AIDS epidemic. Given that HIV/AIDS affects the labor force,

the epidemic is no longer just a health issue us it affects the society as whole (UNAIDS,

2002). When a member of the family is sick, the whole family is affected as available

household labor is reduced for long periods oftime. The HIV/AIDS epidemic is

1.. 2001)1
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among family members (Robbins el al.. 1998).

This paper evaluates the impact of labor availability on agricultural production

and the adoption potential of improved fallows of sesbania (Sesbania sesban (L) Mcrr.)

and tephrosia (Tephrosia vogelii Hook /). A disease such as malaria reduces available

sectors, it is sometimes impossible to distinguish between the signs ofHIV/AIDS from

those of poverty and malnutrition. In this paper the case ofHIV/AIDS is used as an

available labor. This chapter further tested the hypothesis that (2) adoptability of

agroforestry depends on household composition specifically testing that (i) households

with greater worker to consumer ratios (labor availability) arc more likely to adopt

Almost 90% of the population in Malawi is rural and derive their livelihood from

small landholdings, contributing to about 8S% of total agricultural production. Food

insecurity still remains a major problem and crop production is essential to improve the

food situation in rural households for the attainment of food security. However, due to

diseases and unhealthy lives, households previously self-sufficient in terms of food find

themselves producing less due to labor shortages. This results in less food and money

available in households and hence vulnerability increases (FAO. 2002a). A decrease in

diversity. Nutritional needs are more likely to be met if there arc a variety of foods

i the population ( Wagner, 1 986). The HIV/AIDS epidemic is thereto
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contributing factor to food shortages and a source of poverty (Cohen, 1998) and food

insecurity. Although the spread of the epidemic continues to increase, no comprehensive

study has been carried out to assess the impact ofHIV/AIDS on food security in Malawi.

For example, a compilation by Kakhobwe ( 1 999) of AIDS-related research studies

conducted in Malawi from 1989-1 999 showed that out ofthe 1 07 studies, none dealt with

the impact ofHIV/AIDS on agriculture and food security.

Poor health reduces available labor and thus a decline in the size of land

smallholder agriculture sector in Malawi depends on family manual labor. This means

that most of the households can be food insecure ifthere is insufficient labor to undertake

all the farm activities to get good yields resulting in less food and money available in

households and hence vulnerability increases (Villarreal. 2001 . FAO. 2002b). This

affects the nutrition ofa whole household. Nutrition and food availability are major

determinants ofhuman health and functional performance (Wagner, 1 986). Poor health

strategics are few. The most common arc ganyu, working in other farmers' fields for

payment in cash or kind (ganyu), and changing dietary patterns to fewer meals per day or

per week. However, due to poor health, ganyu is no longer an option because most ofthe

people are weak and therefore cannot work in other farmers' fields for payment in cash or

i held with the t
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understand and leant the roles played by the central government. Later, hospital

personnel, NGOs and formers were interviewed so as to understand what information

exists already.

General Observations

During the study, it was found that when the husband is sick, family members are

expected to lake care ofthe man. This means family members have to divert time to care

for the patient and eventually neglect form or off-farm activities. When the patient is the

wife, she is cither sent to her home where her relatives take care of her. or one of her

female relatives comes to the husband's home to lake care ofthe sick wife. Two issues

are pertinent here; in the latter case, the household adds one more member to be fed, but

this additional member docs not contribute to fieldwork. In the former, there is one less

member to feed in the affected household.

The modeling of impact of poor health on agriculture and agroforestry adoption

stems from the observation that women seem to take more responsibility than men when

it comes to taking care of the sick in the household. As reported in earlier chapters, at the

initial stage ofdiffusion of improved fallow technologies. ICRAF and otherNGOs were

buying seeds from the two improved fallow species scsbonin and tephrosia to give to

other farmers. It has been established from chapter 3 and S that there is no substantial

change in the land planted to improved fallows without a seed selling option and when

: whether this t





Resu lts Md pis

As discussed in chapter 3, only results from years 3 to 8 arc reported. T

household is able to feed itself throughout the period. The household produces

Table 6.2. Simulated crop production (ha) activities with the NO SICKNESS

Activities Year

Annual Crops (ha)

Fertilized Maize

Improved Fallow Maize

Sweet potato

Improvedfallows (ha)

Total New Fallow

Total Old Fallow

Total Improved Fallow

Total land

Selling (kg)

Groundnut

Tcphrosia seed

Cash (US!)

Cosh Transfer

Discretionary Cash

3 4 5 6 7

0.45

0.73

0.30

0.25

231 309 333 319 478 509

933 918 752 239 918 105

61 59 0 0 82 0

720 720 720 720 720 651

520 520 520 520 520 520

433 314 363 421 471 608

129 92 92 92 93 92

108 III 88 150 135 134

995 989 1,067 991 1.471 1,549
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Tabic 6.3 shows thal when the female gels sick in year 4 and eventually dies in

year 6, Ihc household is still able to produce enough maize for home consumption.

Table 6.3. Simulated crop production (ha) ac* th the FEMALE SICKNESS ca

0,40 0.43 0.77

203 125 130

1207 140 235 373 843
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Again, due to the sickness of the female and her death, the total land cultivated is

educed. This reduction is due to a decline in available labor. However, the total land

the female sickness scenario (Table 6.3), there is less discretionary cash in the household

When the male head of household is sick and later dies, there is an infeasible

his death, the household cannot get a loan for tobacco and be able to repay the loan. Only

after the younger household members start contributing labor as they age. or hire labor

docs the household start producing enough food. However, these activities require cash,

which the remaining household members might not have due to funeral expenses. Since

the household cannot feed it-sclf during the infeasible years, they have to come up with

coping mechanisms or a complete change of life style to cope with this tragedy.

In the rural areas, people have different coping mechanisms in times of less food

availability. However, with the present scenario ofHIV/AIDS in rural agricultural

strategies arc: working in other peoples' fields for cash or food (called ganyu in Malawi),



and/or changing dietary pane



i Ihal when the household redu

requirements, Ihc household is able lo feed it self. Both fertilized and post fallow maize

This chapter tested the hypothesis that (2) adoptability ofagroforestry depends on

household composition specifically testing that (i) households with greater worker to

consumer ratios are more likely to adopt agroforestry, due to labor availability. This was

headed household. Ihc results from this chapter have to be interpreted separately from

those presented in other chapters. This is because the labor availability in one household

no longer provides labor.

This study analyzed the impact of poor health on agricultural production, using

the case of HIV/AIDS. This study has shown that the impact ofpoor health is more

pronounced in FHH especially after the death ofan adult male. In times ofsickness and

death of a spouse, the FHH are more food insecure. The household has less labor to

undertake all agricultural activities. There is a decrease in crop activities, which reduces

food availability and money in households and hence vulnerability increases. The results

from this study have shown that the way oflife changes completely when a member of

the family is sick and later dies. The whole family is affected as available household





CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

General Conclusions

The overall objcclivc ofthis study was to evaluate the potential for the adoption

of improved fallows in Malawi for soil fertility replenishment. In order to increase

acceptability and promote wider adoption of improved fallows as a soil improving

agroforestry innovation by resource-poor farmers, it is important to identity and analyze

factors that affect the adoption potential for farm households with differing

characteristics. Farmers' decisions to adopt a technology are in most cases driven by

feasibility and economic considerations. Management also plays a big role in the

decision process, especially so in smallholder agroecosystems. A proper analysis ofthe

whole farm as a system is therefore the only way to identify factors that will enhance or

constrain the adoption of fallows.

This study used simulation modeling to analyze both socioeconomic and

biophysical parameters in predicting adoption potential of improved fallows in

smallholder agroccosystems. The use ofethnographic linear programming (ELP) aided

in understanding the complexity of the smallholder farming system and decision making.
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The study has been reported in four chapters, with chapters 3, 4,5 and 6 each

answering specific hypotheses. Specifically, in chapter 3. the adoption potential of

agroforestry is reported. The following hypotheses were tested in this chapter:

I . If farmers adopt agroforestry technologies, they will increase their (i) food

2(ii).Fcmalc-hcadcd households have greater potential to adopt agroforestry than

(4). Payments ofan incentive such as a carbon credit can enhance adoptability of

agroforestry.

In general, results from this chapter show that the households' food requirements

arc met either with or without agroforestry. Households stop planting fertilized maize

once improved fallows are introduced and the amount of land planted to maize increases.

The increase in the post-fallow maize is due to maize yield differences. Because fertilized

households produce only enough maize to satisfy

adopt agroforestry technologies, they will increase

analysis of this chapter has shown that in the BAS

evidence to support the hypothesis that if farmers adopt agroforestry technologies, they

support the hypothesis that female-headed households have greater potential to adopt

agroforestry than male-headed households. In chapter 3, it was found that both MHH and

FHH

I





(he hypothesis that the potential for adoption is higher in hou

households with access to more credit (LOAN).

In chapter 5, the hypothesis that payment ofan incentive can enhance adoptability

of agroforestry was further tested using a carbon credit as an incentive. It was reported in

that because only the seed selling incentive influenced the adoption ofmore improved

fallowsand allows for production of maize and diversification and not the carbon credit,

the type of incentive is important in the enhancement ofadoption. Therefore the

acceptance of the hypothesis that an incentive can enhance adoption needs qualifying,

because the increase in the adoption of improved fallows depends on the type ofthe

Chapter 6 tested the hypothesis that households with greater worker to consumer

ratios are more likely to adopt agroforestry. Results showed that when an illness reduces

available labor less improved fallows are planted. The results supported this hypothesis

and it was accepted.

Policy Implications and Recommendations

This research has shown that the adoption of agroforestry depends on its

Improved fallows have many benefits both to smallholder farmers and the global

environment. Many other benefits, such as the insecticidal properties of tephrosia

I properly.
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For example, if properly explored, Ihe chemical properties of lephrosia can have a

permanent market unlike the temporary seed selling markets. To promote social

development, policies that increase household food security and income need to be

explored by government, ICRAF and other non-governmental organizations (NGOs)

working with fanners.

Malawi, as a signatory to the Kyoto Protocol, has a role to play in collaborating

with International organizations and NGOs to support and effect policies that will support

agroforestty adoption through the Clean Development Mechanisms (CDM) of the Kyoto

Protocol. Land planted to agroforcstry by smallholder farmers can meet the goals of

Article 3.4 of the Kyoto Protocol, as long as an agreement is signed with fanners to

area under agroforestry can be rotated every two or three years as is done with the

improved fallow technology. However, government alone cannot do this. It is therefore

suggested this role be handed over to international organizations such as ICRAF or other

NGOs, but under the coordination ofgovernment.

Specifically, realizing the importance of the need for food security in Malawi, the

iment should develop agricultural policies that are supportive to smallholder

s while at the same time protecting the environment. Based on the results from

this study, the following specific recommendations arc suggested:

i smallholder fa
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The above suggestions would first require research on institutional support

services, markets, subsidies, incentives and infrastructures before implementation, or they

could be implemented on a pilot basis.

Future Research

Soil organic carbon (SOC) accumulation increases soil fertility and thus

agricultural production; however, this study did not consider the assessment to

parameterize and follow SOC trends due to lack of measured data. SOC is important in

the management ofsoil fertility for agricultural productivity and soil stability. Crop

residues, especially root turnover, are an important source ofsoil nitrogen through

mineralization ofSOM. The next step in the direction of this research should look at the

partitioning ofSOM. the source of nutrients such as nitrogen (N), which is the nutrient

most limiting in smallholder agroccosystems. Soil nitrogen (organic and inorganic)

contained in SOM is inseparable from the carbon cycle. Nutrient budgeting and

quantifying arc therefore important aspects in agroforestry technologies in estimating

nutrient pools and the flows between the pools. Accounting methods should aim at the

amounts of N, and other nutrients that arc limiting in a particular fanning system from the

SOM additions and losses through plant uptake, erosion, and leaching among other

factors. This will help in estimating the remaining nutrients so that the needed

supplements, cither from chemical or organic sources, can be added. For example, as is

the case with improved fallows, the added nutrients would be aimed at getting similar

yields os in the first years of maize cropping after fallowing. Mathematical models can

help facilitate the understanding of nutrient flows. The ELP models are capable of

compartmentalizing SOM and quantifying the available N and other nutrients. The other
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Study [.imitations

The study was conducted in Kasungu, where land availability is less of a problem

than in other parts of Malawi. Therefore results might not easily be replicated or tested in

potential benefits of agroforestry adoption and the problems farmers may face when

adopting agroforestry technologies when they are in poor health. In the real world, there

are many uncertainties and sub-Saharan Africa agriculture is rainfed and the rainfall is

unpredictable. No model can therefore represent the real situation. The results from the

LP models cannot be used without considering other socioeconomic, environmental,

policy and many other variables. Although LPs are good tools for understanding farming

systems, agroforcstry adoption can only take place where all the main variables are

considered. In a country like Malawi where the illiteracy rate is high, extension contact

the research on agroforestiy is done by non-governmental, and international

s. Ado i happen with i





APPENDIX-A
FORM (TRANSLATED FROM CHICHEWA, THE LOCAL LANGUAGE
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DATA FROM RESEARCH STATION/EPA/ADDAjCVT
SolFCIinalc/Tcmpcraturc-Gcncml description ofarea

.
INFORMATION



APPEND1X-B
CHARACTERISTICS AND COMPOSITION OF HOUSEHOLDS USED IN

MODELING.

Key:

FARM ID

HH TYPE =

LAND 1 (Ha) -

LAND 2 (Ha) -

MALE
FEMALE
HH Total

Fanner identification code

Gender of the head of household (MHH; Male headed househo

FHH; Female headed household)

Amount of land the farmer is cultivating.

Number of males in the household

Number of females in the household

The total number of people in the household
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APPENDIX-C
SUMMARY OF SIMULATED TOTAL LAND. IMPOROVED FALLOW LAND AND

TOTAL MAIZE LAND FOR THE BASE MODEL

Key:

FARM ID * Farmer identification code

XI = Simulated total land cultivated

X2 - Simulated total land planted to ALL maize
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APPENDIX-D
SUMMARY OF SIMULATED TOTAL LAND. IMPOROVED FALLOW LAND AND

TOTAL MAIZE LAND FOR THE AGROF MODEL

Key:

FARM ID - Former identification code

X I
= Simulated tout! land cultivated

X2 = Simulated total land under improved fallows

X3 = Simulated total land planted to ALL maize
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AOROF MODEL-WITHOUT SEED SELLING OPTION



AGROF MODEL-WITH SEED SELLING INCENTIVE



APPENDIX-E
SUMMARY OF SIMULATED TOTAL LAND. IMPOROVED FALLOW LAND AND

TOTAL MAIZE LAND FOR THE CARBON MODEL

Key:

FARM ID = Farmer identification code

XI = Simulated total land cultivated

X3 - Simulated total land planted In ALL maize.
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THE CARBON MODEL-WITH SEED SELLING OPTION
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